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A Photoelectric Colorimetric Assay for Digitoxin by 
Comparison with a Standard Powder*' 


By ARTHUR E. JAMES, FRITZ O. LAQUER, and JOSEPH D. McINTYRE 


. 
The so-called Keller—Kiliani reaction consists of a series of characteristic colors 
which develop when 1 to 2 mg. of digitoxin dissolved in glacial acetic acid contain- 
ing a trace of ferric chloride is underlaid with concentrated sulfuric acid. After a 


few seconds the acetic acid layer turns to a green color and later to a blue. 


Optimal 


conditions for this color reaction were determined, and a photoelectric-colorimetric 
assay for digitoxin by comparison with a standard powder was developed. 


igitoxin is acknowledged as the most 
potent glycoside of Digitalis purpurea. 
The announcement that this glycoside is to 
be official in the forthcoming edition of the 
United States Pharmacopoeia has stimu- 
lated new efforts to establish a simple quan- 
titative chemical assay for its standardiza- 
tion thereby avoiding absolute dependence 
on the expensive and difficult cat bioassay. 

It is not within the scope of this paper to 
deal with the controversial problem of the 
uniformity, purity, and chemical properties 
of digitoxin; nor do we attempt to present a 
complete survey of the voluminous and con- 
tradictory literature which has been pub- 


* Received Aug. 10, 1946, from the Research Laboratories 
of Ladox Laboratories, Inc., and Temple University, School 
of Pharmacy 

Presented to the Scientific Section, A. Pa. A 
meeting, 1946. 

+ The powder used as Standard and adopted for compari- 
son in this investigation was prepared by the Ladox Labora- 
tories, Inc. It is anticipated that the U. S. P. Revision 
Committee will issue a Standard Digitoxin in the near future 


Pittsburgh 


lished about digitoxin. Our efforts have 
been directed to the development of a simple 
chemical method whereby the chemist or 
the pharmacist in a pharmaceutical control 
laboratory can determine, quantitatively, 
the digitoxin content of commercial prepara- 
tions, of tablets, of ampuls, etc. It has 
long been the desire of the scientific staffs of 
the control laboratories of pharmaceutical 
manufacturers to find a procedure for the 
quantitative chemical determination of digi- 
toxin which can be performed with small 
amounts of material in a short time. 

Several characteristic color tests for the 
cardiac glycosides of the digitalis group, 
some of which include quantitative methods. 
based on these color reactions, have been 
published. The reviews of Weese (1) and 
Lillig (2) contain rather complete reports of 
these color tests. Among these, the Baljet 
reaction (3) shows that cardiac-active glyco- 


1 
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sides develop an orange color in contact with 
alkali salts of picric acid. Using this fact 
Knudson and Dresbach (4) developed a 
quantitative assay for digitalis preparations. 
More recently, Bell and Krantz (5) have 
modified this method, using a photoelectric 
colorimeter, to determine the potency of 
powdered digitalis leaves in comparison 
with the cat bioassay and with electrocar- 
diograms obtained from patients afflicted 
with heart diseases. These authors have also 
developed this method for the assay of digi- 
toxin in tablets (6). 

Another color test for the cardiac glyco- 
sides of the digitalis group is the so-called 
Keller—Kiliani reaction which, for many 
years, has been described for the identifica- 
tion of these glycosides in New and Nonof- 
ficial Remedies (7). This reaction consists 
of a sequence of characteristic colors which 
develop within a short period of time when 1 
to 2 mg. of digitoxin dissolved in glacial ace- 
tic acid containing a trace of ferric chloride 
is underlaid with concentrated sulfuric acid. 
Although this reaction has value as a quali- 
tative test, the intermingling of 3 or 4 shades 
of color within a short time interval is not 
readily adaptable to quantitative colorime- 
tric procedures. However, in 1906 Cloetta 
and Fischer (8) sought to use this reaction 
for quantitative purposes. This approach 
was elaborated in a thesis by Schneider (9). 
He attempted to use the uniform green 
color, which developed when very small 
amounts of purified glycosides of Digitalis 
orientalis (lanata) were treated with glacial 
acetic acid, ferric chloride, and sulfuric acid, 
as an approximate estimation of their con- 
centration. 


EXPERIMENTAL 


Experimental Basis of Development of a Quanti- 
tative Color Reaction—The Keller—Kiliani reaction, 
as performed, presents a sequence of colors developed 
by the action of concentrated sulfuric acid on a solu- 
tion of 1 to 2 mg. of digitoxin in about 2 ml. of glacial 
acetic acid containing traces of ferric chloride. How- 
ever, if smaller amounts of digitoxin, about 0.1 mg., 
are dissolved in 2 ml. of glacial acetic acid which con- 
tains about 1% of ferric chloride U. S. P. test solu- 
tion, and a few drops of concentrated sulfuric acid 
are added, a green to blue color develops which 
reaches a maximum intensity in fifteen to forty-five 
minutes, and thereafter gradually fades. Based on 


a study of these reactions, we have developed a 
photoelectric colorimetric quantitative assay for 
digitoxin.' 

Optimal conditions for the concentrations of 
digitoxin, of ferric chloride, and of sulfuric acid, as 
well as the time factor, and the selection of solvent 
were studied. For extracting digitoxin from tablets 
three common solvents—chloroform, ethyl alcohol, 
and methyl alcohol--were considered. Chloro- 
form was selected because it appeared to be pref- 
erable in certain instances. The red _ coloring 
matter used in certain commercial tablets was found 
to be insoluble in chloroform, and thus the color 
did not interfere with the colorimetric determins - 
tions, whereas it did dissolve in the alcohols and 
hence spurious colorimetric readings were obtained. 
If there are no color interferences either of the 
alcohols may be used for the extraction. In the 
quantitative determination of digitoxin in tablets 
it was necessary to determine the most desirable 
procedure in order to insure complete extraction 
of the glycoside from the excipients present in the 
tablets. Hereafter is reported only that part of the 
procedure which was found, in general, to give 
satisfactory results. In all cases a standard refer- 
ence graph was made from a standard digitoxin 
powder. The unknown powders, tablets, and am- 
puls were run through the same process. The 
digitoxin content of these preparations was deter- 
mined by reference to the standard graph. 

Preparation of a Standard Graph for Comparison. 

Standard digitoxin powder, in a very finely 
divided state, was dried to constant weight in an 
electric oven at 105°. Exactly 20 mg. of this pow- 
der was dissolved in 90°7 ethyl alcohol and made up 
to a total volume of 100 ml. Using a blood pipette 
calibrated in hundredths of a ml., separate samples 
containing from 0.02 to 0.27 mg. of digitoxin were 
measured into matched 10-ml. absorption tubes 
having a light path of 12 = 1 mm. These tubes 
were placed in an electric oven at 105° until the 
alcohol completely evaporated. To each tube con- 
taining the various amounts of digitoxin, were 
successively added exactly 3 ml. of glacial acetic 
acid, 0.10 ml. of 5% FeCl;.6H,O (containing 10.18 
mg. Fe per ml.*) and 0.25 ml. of concentrated sul- 
furic acid. These particular volumes were chosen 
as the result of a preliminary study of optimal con- 
centrations to yield a maximum color with a mini- 


“mum concentration of digitoxin. A blank con- 


taining exactly the same volumes of acetic acid, 
ferric chloride, and sulfuric acid was prepared. The 
contents of each tube were thoroughly mixed by 
inverting. Using a Klett-Summerson photoelec- 
tric colorimeter? and a light filter having a maximum 
transmission between 500 and 570 millimicrons, the 


1 This assay is the basis of Method II in the “ Digitoxin 
Chemical Assays’ adopted by the Thirteenth revision of 
The United States Pharmacopcria 

2 The amount of water in samples of FeCl,-6H:0 is some- 
what variable. However, it is unnecessary to know the ex- 
act strength of the ferric chloride solution provided the same 
solution is used in assaying unknowns as was used in the prepa 
ration of the standard graph. 

3 Any suitable photoelectric colorimeter may be used 
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transmission of each tube was measured at fifteen- 
minute intervals until a maximum reading was ob- 
tained. The maximum reading developed within 
fifteen to forty-five minutes, depending upon the 
concentration of digitoxin present. The readings 
were made from the logarithmic scale of the in- 
strument. Due to the great sensitivity of the 
method it is advisable to run these calibration de- 
terminations in duplicate or triplicate. A typical 
set of data obtained is as follows: 


Maximum Colorimeter 


Mg. of Digitoxin Reading 
Blank 14 
0.02 37 
0.03 50 
0.05 77 
0.06 89 
0.08 115 
0.09 130 
0.10 142 
0.12 170 
0.15 209 
0.18 248 
0.21 287 
0.24 327 
0.26 350 
0.27 362 


The above data are transcribed to graphical form 
in Fig. 1. The concentration of digitoxin is plotted 
as abscissa and the corresponding colorimeter read- 
ings as ordinate. 


v aM 


Figure 1. 


Assay of Individual Tablets Containing Digi- 
toxin.—Individual tablets, labeled to contain 0.10 
mg. or 0.20 mg. digitoxin, were put in 25-ml. test 
tubes and finely powdered by using a glass rod. 
The contents of each tube were extracted with 10 
ml. of U. S. P. grade chloroform. The supernatant 
chloroformic solution of each tube was filtered 
through sintered glass and the residue re-extracted 
four times with 5-ml. portions of chloroform. The 
total residues from each six or seven tablets were 
combined and re-extracted with chloroform to in- 
sure the complete extraction of digitoxin. The 
combined chloroform extract from each tablet, in a 
matched colorimeter absorption tube, was evapo- 
rated to dryness by heating in an clectric oven. 
Care should be used to avoid spattering during 


evaporation. To each of the tubes containing the 
chloroform extract obtained from one tablet were 
added 3 ml. glacial acetic acid, 0.10 ml. of ferric 
chloride, and 0.25 ml. of concentrated sulfuric acid. 
Each tube was successively placed in the photo- 
electric colorimeter and measured at fifteen-min- 
ute intervals until a maximum reading was reached. 
The digitoxin content of each tablet was interpolated 
from the standard graph. Typical results of differ- 
ent tablets are as follows: 


Manufacturer A—Tablets labeled to contain 0.1 
mg. Digitoxin: 


Maximum Colorimeter 


Reading Mg. Digitoxin 
131 0.093 
132 0.093 
144 0.102 
135 0.096 
144 0.102 Av. 0.096 
135 0.096 
133 0.095 
Combined residues 15 0.000 


Another manufacturer’s tablets, labeled to con- 
tain 0.2 mg. digitoxin, yielded values averaging 
0.207 mg. per tablet in an assay of six tablets. 

A third manufacturer’s tablets, labeled to con- 
tain 0.2 mg. digitoxin per tablet, averaged 0.210 
mg. in an assay of six tablets. 

Assay of Lots of 20 Tablets Containing Digi- 
toxin.—Lots of 20 tablets, labeled to contain 0.20 
mg. of digitoxin, were finely powdered and let steep 
overnight in 50 ml. of U. S. P. grade chloroform. 
The supernatant chloroformic solution was filtered 
through sintered glass. The residue was re-ex- 
tracted six times with 5-ml. portions of chioroform. 
The combined filtrates were made up to 100 ml. 
with chloroform. Five-milliliter aliquot portions 
were taken for analysis, evaporated to dryness, 
and treated as in the case of the assay under single 
tablets. A final extraction of the residues was per- 
formed by letting them steep in 50-ml. chloroform 
overnight, filtering, and taking 5-ml. aliquot por- 
tions for analysis. 

The results of three separate lots of 20 tablets 
are as follows: 


Mg. % Ex- 
Maximum Colorimeter Digitoxin traction,‘ 
Lot Reading per Tablet Total 
l 264 Ist extraction 0.192 
26 2nd extraction 0.009 100.5 
2 254 =Ist extraction 0.185 
29 2nd extraction 0.012 98.5 
3 260 Ist extraction 0.189 


23 2nd extraction 0.008 98.5 


Assay of Ampuls Containing Digitoxin.— The con- 
tents of ampuls labeled to contaim 0.2 mg. “‘Digi- 
toxin Injection”’ in a sterile solution of 40% to 50% 
alcohol were transferred to matched 10-ml. absorp- 
tion tubes. The content of each tube was evapo- 
rated to dryness in an electric oven at 105°. Toeach 
tube were successively added 3 ml. glacial acetic 


* Based on the labeled content. 
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acid, 0.10 ml. of 5% ferric chloride, and 0.25 ml. of, 
concentrated sulfuric acid. The maximum colori- 
meter reading of each tube was measured as de- 
scribed under the assay of digitoxin tablets. 

When, however, in addition to dilute alcohol, 
glycerin is present in the ampul it is necessary to 
determine the amount of glycerin. This necessitates 
the preparation of another standard graph for com- 
parison in which corresponding amounts of glycerin 
are added to the various known weights of digitoxin. 
Ampuls containing glycerin which were labeled to 
contain 0.20 mg. digitoxin in 40% alcohol gave the 
following results: 0.220, 0.194, 0.208, 0.190, and 
0.210 mg. per ampul. Average: 0.204 mg. per 
ampul, 


DISCUSSION OF RESULTS 


The calibration graph as shown in Chart I ex- 
hibits close adherence to Beer’s Law. This indi- 
cates that the intensity of the greenish blue color, 
developed under controlled conditions, is in direct 
proportion to the concentration of digitoxin pres- 
ent. Consequently, by reference to the calibra- 
tion graph, the amount of digitoxin in commercial 
preparations may be determined, after proper ex- 
traction, by a procedure identical to that which was 
used in establishing the standard graph. In using 
the photoelectric colorimeter some laboratories will 
prefer to set the instrument at zero, 100% light 
transmission, for the blank containing the acetic 
acid, ferric chloride, and sulfuric acid. This will 
yield a graph beginning at the intersection of the 
abscissa and ordinate. 

For practical purposes, this chemical method has 
been found adequate for the assay of digitoxin. 
However, attention should be called to the fact 
that certain other glycosides of the digitalis group 
may give identical colorimetric values. The rela- 
tionship of these values to their potency as deter- 
mined by biological assay is a matter for future 
study. Therefore, at the present time the applica- 
tion of our method is limited to the determination of 
digitoxin in commercial preparations which have 
been prepared from material which meets the speci- 
fications for digitoxin as required by the forthcom- 
ing thirteenth edition of the United States Pharma- 
copceia. 

A number of samples of digitoxin used in these 
experiments were bioassayed on cats in accordance 
with the method described in U. S. P. XII. The 
results of these bioassays are in close agreement 
with the values obtained by our colorimetric method 
and will be the subject of a later publication. 

The quantitative determination of digitoxin in 
tablets or ampuls, by means of the photoelectric 
colorimetric method previously described, is satis- 
factory in that it enables one to determine the 
digitoxin content of a single tablet or ampul con- 
taining as low as 0.1 mg. with a deviation of + 10%. 
This method is also applicable to the officially recog- 
nized practice of using not less than twenty tablets 
and taking an aliquot portion of the extractive for 


the actual determination. A deviation of less than 
5% was found in this work. 

For comparative purposes, the reference used 
should be a sample of the digitoxin from which the 
tablets or ampuls were manufactured. When 
digitoxin becomes official in the U. S. P. XIII, the 
reference standard used in each laboratory should be 
checked against the U.S. P. Reference Standard. 

In assaying digitoxin tablets, the accuracy of the 
final results depends upon the complete extraction 
of the digitoxin. An extraction of from 90% to 
100% has been accomplished repeatedly. In a 
few cases when tablets manufactured by certain 
pharmaceutical houses were assayed, some varia- 
tion has occurred due to the nature of filler ingre- 
dients in the tablet. Since the amount of digitoxin 
per tablet is approximately 0.1% to 0.2% of the’ 
total, it is readily apparent that small amounts of 
digitoxin can be so tenaciously adsorbed by the 
filler material that further treatment with the sol- 
vent may be necessary to insure complete extraction. 

It appears that the time factor involved in the ex- 
traction of digitoxin from tablets is of importance. 
Tablets which had been pulverized and let stand in 
chloroform for several hours gave better results 
than those which had been in contact with the sol- 
vent for only an hour or so. The use of a mechan- 
ical shaker to extract the digitoxin content of the 
tablets may be preferred by some laboratories. 
However, we found that this did not give as satisfac- 
tory results as the method we describe. The appli- 
cability of this method in determining the potency 
of leaf, tincture, and partially purified preparations 
derived from digitalis, which are usually sold under 
different trade names, is now under study. 

Photoelectric colorimetric technique requires 
considerable experience to obtain concordant results. 
Hence, it is suggested that those who are unfamiliar 
with the use of these instruments give careful atten- 
tion to the details involved. The sensitivity of this 
method is so delicate that it is desirable to make 
measurements in duplicate or in triplicate. 


CONCLUSIONS 


A colorimetric photoelectric method has 
been developed whereby the U. S. P. XIII 
digitoxin, tablets, or ampuls may be assayed 
by comparison with a standard digitoxin ref- 
erence powder. 
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Barbiturates: A Blessing and a Menace* 


By SAMUEL W. GOLDSTEIN?t?t 


The development and therapeutic status of barbituric acid derivatives are reviewed 

and those in general use as therapeutic agents are tabulated. Data are presented on 

the incidence of poisonings in the United States by barbiturates. The nature of 

problems relating to the use and misuse of barbiturates is discussed and the need 
for corrective uniform state legislation is stressed. 


Ds the past forty-two years there 

have been five outstanding discoveries 
which have greatly fortified the armamen- 
tarium of the physician: (a) barbiturates 
(1903); (6) salvarsan (1907); (c) insulin 
(1922); (d) sulfonamides (1935), first pre- 
pared in 1909; (e) antibiotics (1940), al- 
though penicillin was first discovered in 
1929. No group of drugs caused such chemi- 
cal activity as the barbiturates until the 
advent of the sulfonamides. 

Here was a combination of urea, the first 
organic compound to have been prepared 
synthetically, and malonic acid, a classic 
example of organic synthesis, to form mal- 
onylurea or barbituric acid. 


H Oo 
/NH HOC, fu 
O=C + Cc 
\nH HOC” Nu 
H Oo 
Urea Malonic acid 


The two hydrogen atoms in the methylene 
group of barbituric acid are very reactive 
and can be replaced indirectly by one or two 
aliphatic or aromatic groups to form com- 
pounds having hypnotic properties. 

The first of these compounds to be intro- 
duced into medicine was the diethyl substi- 
tuted product, barbital, prepared in 1903 
by Emil Fischer and von Mering (1) and 
patented under the name veronal. This was 
followed by phenobarbital or luminal which 
differs from barbital in that one of the ethyl 
groups is replaced by a phenyl group. The 
barbituric acid derivatives are only spar- 
ingly soluble in water, but the sodium salts, 
in which sodium replaces a hydrogen atom 
attached to nitrogen, are freely soluble in wa- 

* Received Nov. 27, 1946, from the State of Maryland De- 
gp oe State of Maryland Depart- 
ment of Health. 


t The author is indebted to the many individuals who co- 
operated in compiling the data. 


ter and are referred to as the “sodium barbi- 
turate,’’ the “soluble barbiturate,’’ or the 
“barbiturate sodium.” Starting with thio- 
urea in place of urea a new series of barbi- 
turates has been prepared, the best of which 
is sodium ethyl (1-methylbutyl) thiobarbitu- 
rate or pentothal sodium. 


APPROVED BARBITURATES 


Over 1500 different barbituric acid deriva- 
tives have been prepared, but less than 
twenty have survived clinical use. Table I 
lists the clinically useful barbiturates that 
are recognized in the United States Pharma- 
copeeia XII and New and Nonofficial Reme- 
dies 1946, and gives the trade names, syn- 


uu ty 
\nH—co% “a 


= oc 


Malonylurea (barbituric acid) 


onyms, and chemical names, the approxi- 
mate relative duration of action, and the 
average adult hypnotic dose. Barbital was 
the first of the malonylurea series of drugs to 
become official in the U. S. P. and is still 
considered to be one of the best hypnotics. 
For years the drug manufacturers introduced 
barbiturates under confusing trade names, 
each claiming superior virtues for his prod- 
uct with respect to its potency, efficiency or 
shortness of action, margin of safety, and 
form and size or color of tablet or capsule. 
Gardner (2) considers only five barbiturates 
as essential: Barbital and phenobarbital 
and their sodium derivatives; pentobarbital 
sodium; evipal sodium, for intravenous an- 
esthesia; and pentothal sodium, for pro- 
longed intravenous anesthesia. Evipal and 
pentothal are recognized by the American 
Medical Association in New and Nonofficial 
Remedies, while the first three are recognized 
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in the U.S. P. XII. Pentothal sodium, un- 
der the name thiopental sodium, will be in- 
cluded in the U. S. P. XIII which will be- 
come official in 1947. Gardner suggests 
that physicians should limit their barbitu- 
rate prescriptions to these five and thereby 
relieve the pharmacists of the necessity of 
stocking a large number of named and un- 
necessary preparations. 


TABLE I. 


Trade Names, Synonyms, and Chemical Names 
Alurate® 
Allylisopropylbarbituric acid 
Amytal?® 
Isoamylethylbarbituric acid 
Barbital®*, Barbitone, Veronal 
Diethylbarbituric acid 
Dial 
Diallylbarbituric acid 


Hexobarbital Soluble, Evipal Sodium, Evipal Soluble 


Sodium N-methylcyclohexenylmethylbarbiturate 
Ipral Calcium,’ Probarbital Calcium 
Caicium ethylisopropylbarbiturate 
Neonal, Soneryl, Butobarbital 
n-Butylethylbarbituric acid 
Nostal 
Isopropyl-8-bromallylbarbituric acid 
Ortal Sodium 
Sodium n-hexylethylbarbiturate 
Pentobarbital Sodium, Nembutal 
Sodium ethyl(1-methylbutyl]) barbiturate 
Pentothal Sodium, Thiopental Sodium? 
Sodium ethyl(1-inethylbutyl)thiobarbiturate 
Pernoston® 
sec. Butyl-8-bromallylbarbituric acid 
Phanodorn, Cyclobarbital 
Cyclohexenylethylbarbituric acid 
Phenobarbital,’ Phenobarbitone, Luminal 
Phenylethylbarbituric acid 
Sandoptal 
Isobutylallylbarbituric acid 
Seconal Sodium 
Sodium allyl(1-methylbutyl) barbiturate 
Vinbarbital Sodium, Delvinal Sodium 
Sodium ethyl(1-methyl-1-butenyl) barbiturate 


are useful in psychic sedation, producing a 
sound sleep the night before a surgical opera- 
tion, and for allaying fears just before the 
operation. The average dose used to pro- 
duce sleep does not depress the respiration, 
but large doses can cause death by respira- 
tory failure. Overdoses of barbiturates can 
indirectly diminish the secretion of urine, 
and since urine is the most important avenue 


BARBITURATES ACCEPTED FOR CLINICAL USE 


Duration Average Adult 


Recognized of Action Hypnotic Dose 
in (Approx.)@ in Gm 

N. N. R. M 0.0650. 13 

N. N. R. M 0.1-0.3 

U. & P. P 0.3 

N. N. R. P 0.1+).3 

N. N. R. VS 

N. N.R P 0.12-0.25 

N. N.R Pp 0.05-0.1 

N. N. R P 0.1-0.3 

N. N.R M 0.2-0.4 

ie Se M 0.1 

N. N. R-® VS 

N. N.R M 0.2 

N. N. R M 0.1-0.2 

U.S.P Pp 0.038-0.1 

N.N.R M 0.2-0.4 

N. N. R S 0.1-0.2 

N. N. R. M 0.1-0.2 











6 Sodium salt also in N. N. R. or U.S. I 
© Barbital Sodium also known as Medinal 
¢@ Thiopental Sodium in U. S. P. XIII 


The medicinal use of the barbiturates is 
chiefly for the depression of the central 
nervous system. Depending upon the dose 
administered and the patient’s reaction, the 
hypnotic effect can vary from a light sleep to 
a deep coma. The proper oral dose should 
induce sleep in twenty to sixty minutes. 
The barbiturates are used to inhibit con- 
vulsions as in strychnine poisoning, tetanus, 
and epilepsy. Phenobarbital is the drug of 
choice for epileptics because of its selective 


action upon the motor cortex. Barbiturates 


a Duration of Action: M = Moderate; P= Prolongei; S=Short; VS=Very Short (intravenous) 
oa” 


for the excretion of these drugs, especially 
the more stable compounds, the patient’s re- 
covery is delayed. Thiobarbiturates and 
barbiturates with complex cyclic radicals, 
e.g., evipal, are less stable and almost com- 
MeNally (3) 


states that individuals with impaired hepatic 


pletely destroyed in the liver. 


function have remained deeply anesthetized 
for long periods of time from a hypnotic dose 
of evipal, which in a normal person would 
have caused an anesthesia for only fifteen 


minutes. He also states that the longer- 
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acting barbiturates should not be given to 
patients with kidney dysfunction, because 
failure of the kidneys to excrete the bar- 
biturate causes a cumulative toxicity which 
is noted in cases where this type of drug is 
used daily, Even in a normal individual a 
hypnotic dose of a stable barbiturate is de- 
tectable in the urine nine days after ingestion 
of the drug. 

MeNally warns against the misuse of bar- 
biturates in the field of obstetrics. Gardner 
recognizes the value of phenobarbital in 
small doses as a simple sedative, but believes 
that the barbiturates as a group should be 
considered hypnotics, and used as such. He 
fears that many physicians have forgotten 
that the bromides and small doses of chloral 
hydrate and chlorobutanol may more effi- 
ciently be used as simple sedatives. 

The emotional and nervous strain of the 
unsettled postwar period is making itself 
apparent by the increase in appeals to the 
family physician for relief. The barbitu- 
rates can be a blessing to individuals under- 
going the mental tortures of sleepless nights 
due to various causes. The layman who ex- 
periences this relief and who has not been 
clearly warned about the possible dangers of 
intoxication by these drugs will naturally 
desire to continue using them. The first- 
time users should have impressed upon 
them by their physicians the proper use of 
the barbiturates. The patient’s ability to 
obtain the drug should be curtailed by 
prescribing small quantities and writing 
directions for refilling the prescription when 
necessary. When no specific directions are 
given these prescriptions should not be re- 
filled. 

A vigorous campaign should be instituted 
by the American Medical Association to edu- 
cate the physician to his responsibilities in 
this field of medication before conditions 
get so bad that public demand will require 
drastic legislative steps. 

Hambourger (4), in 1940 reported that 
barbiturate addiction accounted for more 
than 10 per cent of all addiction cases, ex- 
cluding chronic alcoholism, reported by 
thirteen hospitals. Two-thirds of the barbi- 
turate addicts who gave information claimed 
that they became familiar with the drug 


through a physician. Nearly a third of the 
addicts for whom the information was re- 
corded developed craving when the barbi- 
turate was withheld. None showed any se- 
rious withdrawal symptoms. It is apparent 
that addiction to barbiturates presents a prob- 
lem but its seriousness cannot be compared 
to that caused by narcotics. Even now, af- 
ter many years of heroic work by Federal 
agents, the cases of narcotic addiction are far 
greater than those of barbiturate depend- 
ence. The possibility of barbiturate addic- 
tion was considered serious enough by the 
Food and Drug Administration to lead to the 
ruling which states that the words ‘“‘may be 
habit-forming’’ must appear on all proprie- 
tary preparations containing a barbiturate. 
Barbiturates were at first thought to be so 
free from harmful effects that they were pre- 
scribed readily in all conditions where drug- 
induced relaxation or sleep was thought to 
be desirable. Indeed it is fortunate that 
with most individuals there is a wide margin 
between the therapeutic dose and the toxic 
dose for the barbiturates usually prescribed 
for oral administration. Ten to fifteen times 
the therapeutic dose has generally proved 
fatal although recoveries from massive doses 
(barbital 150-500 gr., phenobarbital 120-140 
gr.) have been reported (4). Nonfatal poi- 
sonings from as little as 5 gr. of barbital and 
3 gr. of phenobarbital have also been re- 
ported. Wide variations in relation to fatal 
and nonfatal doses have also been noted in 
hospital records studied by the author. 
Chronic poisoning is encountered where 
elimination is slow and cumulative toxic 
after-effects are manifested in mental and 
bodily weakness, tremors, and dizziness. 


DEATHS FROM BARBITURATES 


The increase in deaths caused by barbi- 
turates is evident in the latest figures for the 
individual states. The available figures 
from 1936 to 1945, inclusive, are given in 
Table II. A majority of the states, espe- 
cially those with large rural populations, show 
little change in the yearly numbers of 
deaths caused by barbiturates from ‘1936 
through 1944. Most of the states with 
large urban populations show increasing 
numbers of deaths during this period. The 
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TABLE II.—Deratus CAUSED BY BARBITURATES: SUICIDAL AND ACCIDENTAL* 








1936 1937 1938 


Alabama® 3 10 4 
Arizona hia 2 6 
Arkansas® 2 1 1 
California® 21 31 29 
Colorado? 3 2 
Connecticut® 6 9 9 
Delaware? 1 - sin 
Dist. of Columbia? 4 5 8 
Florida® s 10 13 
Georgia’ 5 s 3 
Idaho 2 4 2 
Illinois 33 63 56 
Indiana?’ 11 18 12 
Iowa 4 9 15 
Kansas* 3 1 3 
Kentucky 1 4 6 
Louisiana?® 4 1 4 
Maine?® 4 3 1 
Maryland? 4 1 1 
Massachusetts 22 20 20 
Michigan® 11 14 16 
Minnesota?® 8 14 11 
Mississippi? ‘ 3 
Missouri? 6 13 16 
Montana‘ 2 oe a 
Nebraska?® Y 2 1 
Nevada? 3 id 1 
New Hampshire? 1 1 4 
New Jersey® 7 4 7 
New Mexico 1 3 1 
New York® 57 49 62 
North Carolina® 4 2 1 
North Dakota‘ 1 a ; 
Ohio 28 21 45 
Oklahoma? 5 6 6 
Oregon? 5 6 5 
Pennsylvania? 12 15 10 
Rhode Island® 1 1 2 
South Carolina® 3 3 3 
South Dakota ts ae l 
Tennessee? 4 5 2 
Texas 7 6 5 
Utah¢ 2 6 5 
Vermont? 1 2 
Virginia? 1 = a 
Washington? 16 17 10 
West Virginia? 5 3 5 
Wisconsin 7 12 19 
Wyoming 1 


1939 1940 1941 1942 1943 1944 1945 


4 3 2 2 ‘< 4 
4 4 3 3 1 3 
1 2 3 2 2 1 ee 
32 56 63 52 93 108 193 
4 2 7 8 2 4 RAs 
10 9 8 8 6 10 
8 5 2 2 oe 5 
10 12 14 5 8 10 
3 3 6 -s 4 2 9 
1 3 1 1 Pr 1 eae 
51 70 70 24 31 33 60 
16 27 17 12 9 14 
9 Ss 14 5 5 Ss 9 
9 11 3 3 3 1 0 
5 3 4 4 2 3 6 
9 2 4 5 1 2 
4 3 5 4 ca 3 i 
1 5 3 5 7 7 9 
22 24 35 26 28 22 42 
26 28 31 13 14 11 
9 9 12 12 13 14 ll 
Zo 9 12 14 6 3 4 
12 32 7 4 10 11 
1 2 1 1 1 4 
4 6 3 3 2 1 
2 1 at 1 1 ee 
2 1 i) 3 1 ae 
7 17 13 9 12 11 
2 3 4 a 3 2 
58 60 65 73 87 98 
1 5 2 4 4 $ 
ro 3 1 2 “ a 
32 55 71 42 38 38 72 
3 1 2 3 4 5 - 
4 2 6 5 1 4 10 
15 18 20 18 21 i8 
l 1 1 1 1 2 
3 1 2 av oe 3 
ne Bae is 1 1 ae 
4 2 2 3 1 5 
8 12 16 7 13 11 
3 1 1 1 3 
ar 3 1 3 7 1 m. 
2 2 3 1 4 7 4 
5 8 ie) 7 12 11 15 
1 5 7 9 4 7 
14 15 17 13 9 6 
= 2 1 








* From U. S. Public Health Service, National Office of Vital Statistics, and State Statistics. 
+ States had enacted laws, as of October 1, 1945, regulating the sale of barbiturates. 
© States were exercising control of sale of barbiturates by regulation as of October 1, 1945. 


available figures for 1945 show tremendous 
ificreases in the number of deaths in eight of 
the fourteen states represented, while only 
one state shows a definite decrease. The 
emotion-stirring years of 1939-1941 show 
the expected high figures, but the deaths in 
1945 indicate new all-time highs in many 
states. The increasing number of deaths 
caused by barbiturates appears to be about 
the same for states with and without legal 
controls for the distribution of barbiturates. 
It is evident that the control measures in 
effect today are not succeeding in halting 


the upward trend in deaths caused by bar- 
biturates. 


NONFATAL BARBITURATE POISONINGS 


The only reliable source of data on non- 
fatal poisonings is the hospital record or case 
history. Data obtained from hospitals by 
Hambotrger for the period 1928 to 1937, in- 
clusive, and by the author for the period 
1940 to 1945, inclusive, are recorded in 
Table III. In the present study more em- 
phasis was placed on obtaining data from 
enough hospitals in one city (Baltimore) to 
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make certain that patients from all social 
and economic levels would be included. The 
data indicate that the barbiturate danger is 
prevalent among all classes of the population. 

Where data are available from both the 
1928-1937 and 1940-1945 periods it will be 
noted that the percentage ratio of barbitu- 
rate poisonings to total admissions has al- 
most doubled, while the percentage ratio of 


—1928-1937, Inclusive—— 


Per- 
Poison- centage 
ing of All 
Cases Bar- Poison- 


Hospital Except biturate ing 
Admissions, CO and Poison- 


t nd Alc. n 
Hospital “—" . P) “a : 100 
Boston City 331,481 2214 391 17:7 
Peter Bent Brig- 
ham, Boston 43,885 214 26 12.1 
Cleveland City 129,983 ns 60 Ks 
University Clinics, 
Chicago 63,076 117 18 15.4 


University Hospi- 
tals, Cleveland 
St. Mary’s, St. 


91,703 245 23 9.4 


Louis 75,024 99 18 18.2 
Michael Reese, 

Chicago 142,067 169 34 20.1 
Presbyterian, New 

York 135,352 444 22 5.0 
Johns Hopkins, 

Baltimore 32,703¢ 27 5 18.5 
Baylor University, 

Dallas, Texas 109,138 293 15 5.1 
Baltimore City 25,3564 114 3 2.6 
Walter Reed Gen- 

eral, Washing- 

ton, D. C. 74,067 a0 7 
Union Memorial, 

a ns Fe 


University Hospi- 
tal, Baltimore 

Sinai, Baltimore 

Mercy Hospital 


——— =~ - 
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the percentage ratio of barbiturate poi- 
sonings to total poisonings for the 1940- 
1945 period is lower than for the 1936-1937 
period. A yearly breakdown shows that 
this ratio increased each year from a low 
of 0.5 per cent in 1940 to a high of 21.2 per 
cent in 1945. 

Applying the percentage ratios of barbi- 
turate poisonings to total admissions ob- 


TABLE III.—AcuTE POISONING BY BARBITURATES 





———1940-1945, Inclusive———-_——_—-—~ 
Per- 


Per- Poison- centage Per- 
centage ing of All centage 
of All Cases Bar- Poison- of All 
Admis- Hospital Except biturate ing Admis- 
sions, Admissions, CO and Poison- Cases, sions, 
: oe 2 a s 100 A 100 
0.118 163,469 950 271 28.5 0.166 

O.Ge* § ovvsd hin Laat nite ee 
0.046 74,709 311 92 29.6 0.123 
0.028 40,339 55 15 27.3 0.037 
i awake 
0.024 652,516 110 18 16.4 0.034 
0.024 102,026 40 8 20.0 0.008 
0.016 139,499 193 45 23.3 0.032 
0.015 118,407 824 27 3.3 0.023 
0.014 111,533 103 50 48.5 0.045 
0.012 37,191 235 19 8.1 0.051 
0.009 35,755¢ 7 3 42.9 0.008 
32,665 90 29 32.2 0.089 
69,287 123 22 17.9 0.032 
39,331 110 12 10.9 0.031 
43,548 77 S 10.3 0.018 





@ 1940-1943, inclusive 
> 1927-1938, inclusive 
© 1936-1937, only. 

4 1935-1937, inclusive 
¢ 1943-1944 only 


barbiturate poisonings to all drug poisoning 
cases has increased tremendously. The data 
from Michael Reese Hospital and Walter 
Reed General Hospital do not follow the 
trend with respect to the percentage ratio of 
barbiturate poisonings to total admissions, 
but the percentage ratio of barbiturate 
poisonings to all drug poisonings remained 
the same in the first hospital while the figure 
of 42.9 per cent for the second hospital 
shows that almost half its poisoning cases 
were caused by barbiturates. The data 
from Johns Hopkins Hospital show that 


tained for the 1940-1945 period (excluding 
Boston City Hospital) to the same number 
of admissions for each corresponding hospital 
as reported in the earlier survey, we obtain 
the following figures: total admissions 
786,766; barbiturate poisonings for earlier 
period 182; barbiturate poisonings for later 
period 339.: This gives a composite percent- 
age ratio of 0.023 for the 1928-1937 period 
as compared with a composite percentage 
ratio of 0.043 for the 1940-1945 period, or an 
increase of over 86 per cent in the number of 
barbiturate poisoning cases. In the case of 
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Boston City Hospital for which we have data 
through 1943 only, the percentage ratio of 
0.118 for the 1928-1937 period compared 
with that of 0.166 for the 1940-1943 period 
shows a 41 per cent increase in the frequency 
of occurrence of barbiturate poisoning cases. 

Applying the percentage ratios of barbi- 
turate poisonings to all drug poisoning cases 
(except alcohol and carbon monoxide) ob- 
tained for the 1940-1945 period (excluding 
Boston City Hospital) to the same number 
of total drug poisoning cases for each cor- 
responding hospital as reported in the earlier 
survey, we obtain the following figures: total 
drug poisoning cases 1263; barbiturate poi- 
sonings for earlier period 115; barbiturate 
poisonings for later period 337. This gives a 
composite percentage ratio of 9.1 for the 
1928-1937 period as compared with 26.7 for 
the 1940-1945 period, or an increase of over 
193 per cent in the frequency of barbiturate 
poisonings compared to all drug poisonings. 
Boston City Hospital shows a percentage 
ratio of 17.7 for the 1928-1937 period com- 
pared with that of 28.5 for the 1940-1943 
period, or a 61 per cent increase in the fre- 
quency of occurrence of barbiturate poison- 
ing cases. 

The hospital data for the 1928-1937 pe- 
riod show that in ten hospitals with total ad- 
missions of 1,049,785, barbiturates were 
responsible for one-seventh of the acute poi- 
sonings due to all drugs except alcohol and 
carbon monoxide. The present survey shows 
that in fourteen hospitals with total admis- 
sions of 1,060,275, barbiturates were respon- 
sible for one-fifth of the acute poisonings due 
to all drugs except alcohol and carbon mon- 
oxide. 

The conditions existing in the period up 
to 1937 were responsible for the introduc- 
tion of a resolution at the June, 1937 meet- 
ing of the American Medical Association on 
the ‘Evils from Promiscuous Use of Barbi- 
turic Acid and Derivative Drugs.’’ The reso- 
lution included the following statement: 
“The evils of these drugs include habit 
formations, toxic cumulative action, their 
substitution for alcoholic beverages for 
drunken episodes, their use for successful as 
well as unsuccessful suicidal attempts, their 
improper use being a recognized causative 


factor in many motor accidents and their 
improper use being a recognized etiologic 
factor in some criminal assaults : 
If the conditions responsible for the position 
taken by the A. M. A. in 1937 are reflected 
in the hospital survey made by Doctor 
Hambourger at the invitation of the A. M. 
A. Council on Pharmacy and Chemistry, 
then certainly a much more alarming condi- 
tion is indicated by the present study. 

Data obtained from the publications of 
the United States Department of Commerce, 
Bureau of the Census, indicate that while 
the trend for the United States is lower in 
suicides and fatal poisonings by all solid 
and liquid poisons, suicides and fatal poi- 
sonings by barbiturates are increasing. This 
is shown in Figures | and 2. 

These data emphasize the increase in the 
number of barbiturate poisonings. About 
the middle of 1945 the Chief Medical Ex- 
aminer of New York City reported an in- 
crease in the number of deaths in the city 
from consumption of sleeping tablets from a 
normal (?) of 40 per year to 47 in the last 
three months. Early in 1946 the New York 
City hospitals were reporting a death caused 
by barbiturates every thirty-six hours. Is 
there any wonder that New York City al- 
ready has enacted more stringent legislation 
for the control of these drugs? The use of 
barbiturates in the United States has in- 
creased at such a rate that whereas in 1936 
two hundred and thirty thousand pounds 
were produced, in 1945 the production of 
barbiturates was five hundred and _ fifty 
thousand pounds. 

Many lay ‘“‘pharmacologists”’ 
covered that if barbiturates are taken with 
alcohol they can obtain effects ranging from 
a “cheap drunk’ to a “heroin reaction.”’ 
In the New York Harlem section the effect is 
called ‘““Wild Geronimo.’ These people re- 
fer to the barbiturates as goof pills, yellow 
jackets, red dogs, or red birds, depending 
upon the color of the capsules, and the com- 


have dis- 


bination with beer or liquor is called ‘‘a bolt 
and a jolt.”’ 

The use of barbiturates by criminals is con 
sidered to be of secondary concern since these 
people make up a small fraction of the popu- 
lation. Of greater concern are the thou- 
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Fig. 1.—Suicides—United States (Bureau of Census Data) 


sands of people who regard these compounds 
as harmless and gradually use them to ex- 
cess. What is becoming the classic example 
was discovered not long ago in Waco, Texas. 
A kindergarten teacher noticed the unusual 
behavior of a pair of twins. She found that 
one of them had a box of pills which the 
child said her father had given to her. In- 
vestigation showed that the father, a factory 
worker, had been put on the night shift. 
Unable to adjust himself to the new hours 
he became addicted to sleeping pills. He 
was still disturbed by the noise of the twins 
playing, so he started giving them pills too. 
The children were taking them regularly. 
This story will be retold many times before 
adequate control of barbiturates is finally es- 
tablished. 

Many accidental cases of barbiturate in- 
toxication are discovered and treated before 
death takes its toll. Frequently these in- 
dividuals tell of having taken the usual dose 


of the drug which did not bring sleep. Then, 
in the mentally befuddled state induced by 
the barbiturate, they took more of the drug. 
How much more they did not know. Bar- 
biturates have now achieved the question- 
able honor of being chosen as the chemical 
instrument of suicide, second only to carbon 
monoxide. 

Where can people get more barbiturates 
than they should have? From physicians; 
from pharmacists (with prescriptions, and 
in some cases without prescriptions); from 
some nurses; from wholesale drug houses; 
from jobbers; and from individuals who 
“know the ropes.”’ A strong campaign to 
educate all physicians, pharmacists, and 
nurses to the dangers of these drugs should 
be initiated immediately by the American 
Medical Association and the AMERICAN 
PHARMACEUTICAL ASSOCIATION. The public 
should be made aware of the dangers ac- 
companying misuse of the barbiturates 








12 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Prominent newspaper ballyhoo everytime a 
famous or notorious individual succumbs to 
sleeping pills should not dramatize the ease 
with which the victim passed away. 

I believe, that if all the unfortunate cases 
of barbiturate addiction and intoxication 
due to barbiturates obtained from physicians 
and pharmacists could be eliminated, the 
tragic picture presented today would be only 


groups have responded as they have in the 
past and are conscientiously striving to aid 
in the formulation of legal safeguards to 
keep the growing monster under control. 
Pharmacists should not depend entirely 
upon those seemingly untiring giants in the 
field of pharmaceutical advancement Dr. 
Robert P. Fischelis, Dr. R. L. Swain, and 
the other members of the group working on 
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Fig. 2.—Fatal Poisonings—United States (Bureau of Census Date) 


very slightly bettered. Without the knowl- 
edge or intent of most manufacturers, whole- 
salers, dealers, and jobbers, most of the bar- 
biturates that are illegitimately and harm- 
fully used get into the hands of the users 
through nonprofessional channels. 


BARBITURATE CONTROL NEEDED 


There can be no doubt that uncontrolled 
traffic in barbiturates is a growing menace to 
the public health. Responsible authorities 
have pointed with alarm and have called for 
rigid controls of this group of drugs. The 
leaders of the medical and pharmaceutical 


uniform laws affecting pharmacy and medi- 
cine. They cannot be expected to achieve 
results without the active aid and coopera- 
tion of the rank and file of the organizations 
they represent. When A. L. I. Winne of 
the A. Pu. A. Committee on Legislation 
presented a plan for a uniform state law for 
the control of barbiturates to the House of 
Delegates of the AMERICAN PHARMACEUTI- 
CAL ASSOCIATION, the most that could be 
accomplished at that time was a recorded 
agreement in principle to a uniform state law. 
More concrete results must be achieved soon 
or the interested public health groups will find 
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that they are fighting a losing battle against 
complete government control. The Ameri- 
can Medical Association is now in a position 
where they are fighting to preserve as much 
professional freedom as possible in the face 
of the pressure by certain groups to push 
through the Congress the modified Wagner- 
Murray—Dingell bills (S. 1606-H.R. 4730). 
They still tend to dismiss possible Federal 
control of barbiturates by saying that the 
government authorities are not inclined to 
include barbiturates under the Federal nar- 
cotic act. Indeed, Dr. Paul Dunbar, U. S. 
Commissioner of Foods and Drugs, in dis- 
cussing Federal control over the distribu- 
tion of barbiturates and other sleep-produc- 
ing drugs, stated, ‘“‘A Federal law would be 
too complicated and drastic. Uniform state 
laws would be more satisfactory” (5). Dr. 
Dunbar’s opinion does not mean that a Fed- 
eral statute regulating barbiturates cannot 
be passed. Not all Federal and state en- 
forcement officers agree with Dr. Dunbar. 
A bill (H.R. 6178) was introduced in the 
Seventy-Ninth Congress by Representative 
Edith Rogers of Massachusetts that would 
designate barbiturates as narcotic drugs and 
place them under all the provisions now ef- 
fective for the handling of narcotics. This is 
the first attempt. It will not be the last. 
It is not surprising that a congressional rep- 
resentative from Massachusetts should be 
sufficiently interested to do something about 
the barbiturate situation. Table II reveals 
that the total deaths caused by barbiturates 
in Massachusetts in 1945 are 91 per cent 
higher than the number occurring in 1944. 
Table III shows that the Boston City Hos- 
pital, which has a very large number of ad- 
missions, had the highest percentage ratio of 
barbiturate poisonings to total admissions of 
any of the listed hospitals. However, it is 
surprising that the lady’s home state, as of 
October 1, 1945, had not enacted legislation 
seeking to control barbiturate distribution. 
Nevertheless, the fact remains that the con- 
ditions that have created the demand for 
such legislation are not improving, as a 
glance at the data clearly shows. 

If physicians and pharmacists would 
avoid Federal control let them get together 
on uniform state legislation and do it 


quickly. Dr. Fischelis’ comprehensive review 
and analysis of the laws pertaining to the 
control of the distribution of barbiturates, 
in force in thirty-two states, two possessions, 
and the District of Columbia as of October 1, 
1945, appeared recently (6). This clear pic- 
ture of the present laws should lend itself to 
the framing of effective legislation for the 
control of barbiturate manufacture and dis- 
tribution. Dr. Fischelis and the members 
of the A. Px. A. Committee on Legislation 
have done their part. The points of great- 
est disagreement as to the wording of a uni- 
form state law seem to center around the 
renewals of prescriptions and the question 
of record keeping. Why not utilize the 
splendid efforts of the AMERICAN PHARMA- 
CEUTICAL ASSOCIATION Committee on Legis- 
lation up to that point? The individual 
states can phrase the controversial sections 
as they see fit. There is no doubt that the 
phraseology applying to the manufacture and 
distribution of barbiturates until they reach 
the physician and pharmacist should be 
similar in all states. If this cannot be done 
it might as well be turned over to the Federal 
authorities. 

The problem is here and it is growing. 
Something must be done to solve it and we 
should do it as soon as possible. 


SUMMARY 


1. The development and therapeutic 
status of the barbituric acid derivatives are 
reviewed. The accepted clinically valuable 
barbiturates are tabulated. 

2. Deaths caused by barbiturates are 
shown to be increasing in many states, espe- 
cially in those states with large urban popula- 
tions. Where figures for 1945 are available, 
a sharp increase is indicated for many states. 
The state laws affecting the distribution of 
barbiturates that had been passed as of 
October 1, 1945 appear to have had little 
effect on the increase in mortality due to 
barbiturates. 

3. The percentage ratio of cases of barbi- 
turate poisonings to total admissions in the 
same hospitals for the 1928-1937 and 1940- 
1945 periods show an 86 per cent increase 
in the frequency of occurrence of barbiturate 
poisonings in the 1940-1945 period. 
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4. The percentage ratio of barbiturate 
poisonings to all drug poisonings (carbon 
monoxide and alcohol excepted) in the same 
hospitals for the 1928-1937 and 1940-1945 
periods show a 193 per cent increase in the 
frequency of occurrence of barbiturate 
poisonings in the 1940-1945 period. 

5. Barbiturates accounted for  one- 
seventh of the total drug poisoning cases in 
ten hospitals with total admissions of 1 ,049,- 
785 during 1928-1937. Barbiturates ac- 
counted for one-fifth of the drug poisoning 
cases in fourteen hospitals with total admis- 
sions of 1,060,275 during 1940-1945. 

6. Available data for the United States 
show that while the yearly cases of suicides 


and fatal poisonings by all solid and liquid 
poisons indicate a downward trend, the 
yearly cases of suicides and fatal poisonings 
by barbiturates are increasing. 

7. The growing nature of the problem is 
discussed and the urgent need for corrective 
uniform state legislation is stressed. 
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Biologic Assay of Mercury Ointments*' 


By EDWIN P. LAUG, ELIZABETH A. VOS, and FRIEDA M. KUNZE 


Using the storage of mercury in the kidney of 
the rat as a measure of cutaneous penetration, 
8 official mercury ointments have been as- 
sayed. Mercury oleate and nitrate ointments 
showed the greatest penetration; calomel and 
yellow mercuric oxide showed the least. 
Intermediate in penetration were mercurial, 
ammoniated and red oxide of mercury oint- 
ments. The degree of penetration of mercury 
was relatively insensitive to large differences 
in concentration of mercury in the ointments. 


REFERENCE to the U. S. P. XII and the 
N. F. VII reveals that there are § dif- 
ferent official mercury ointments. The 
acceptability of these ointments has been 
judged largely on the basis of either physical 
properties or the degree of their therapeutic 
effect. To date, no information has been 
forthcoming concerning the relative effi- 
ciency with which mercury penetrates the 
* Received Sept. 14, 1946, from the Division of Pharma- 
cology, Food and Drug Administration, Federal Security 
Agency, Washington 25, D. C 
tA portion of the funds used in this investigation was 
supplied by a transfer, recommended by the Committee on 
Medical Research, between the Office of Scientific Research 


and Development and the Division of Pharmacology of the 
Food and Drug Administration 


skin from these ointments. Recently the 
authors developed a method (1, 2) for the 
assay of different types of calomel ointments 
which was based on the ability of the mer- 
cury to penetrate the skin. This method 
has been applied to the 8 above-mentioned 
mercury ointments, but with the tacit as- 
sumption that skin permeability to mercury 
is not necessarily the sole criterion of thera- 
peutic efficiency. 


EXPERIMENTAL 


Method.—-The principle of this method is based 
on the observation that the concentration of mer- 
cury in the kidney is a measure of the amount 
which has penetrated the skin (1). Briefiy, the as- 
say is carried out as follows: Rats are lightly anes- 
thetized, and 0.4 Gm. of mercury ointment is in- 
uncted over an area of 29 (cm.)? (1'/: X 3 in.) of the 
clipped dorsal skin. Inunction is made for two 
minutes with a glassrod. Then, without removal of 
the excess ointment, the animal is wrapped in a 
cylindrical celluloid shicld cemented to the body at 
the shoulders and hips. The shield is sufficiently 
stiff so that the animal is confined after the fashion 
of a straight jacket, and is thus prevented from 
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TABLE I.—-Assay or OFFICIAL MERCURY OINTMENTS. 
THe Mercury CONTENT OF THE KIDNEYS OF RATS 
Is Usep AS A MEASURE OF THE PENETRATION OF 
MERCURY THROUGH THE SKIN 








Mercury 
Content 
Kidney, 
Mercury y/Gm. 
Content, Wet 
Designation Source % Tissue 
Oleate of Mer- U.S.P.XII, 23 38 
cury p. 308 38 
28 
25 
26 
26 


Av. 30.1 


Ointment of N. F. VII, .0 22 
Mercuric p. 470 27 
Nitrate 18 

17 
11 
23 


Av. 19.7 


Strong Mer- U.S.P.XH, BW 15 
curial Ojint- p. 536 16 
ment 


——————— Mercury Ointment 





g 


“I 


Av. 11.9 


U.S.P.XII, 10 13 
p. 536 18 


Mild Mercurial 
Ointment 





U.S. P. XII, 4.0 18 
p. 536 14 

‘ 

5 


Ammoniated 
Mercury 
Ointment 


Ointment of Red N.F. VII, 9.3 7.6 
Mercuric p. 471 ] 
Oxide 15 ’ 


Yellow Mercuric U.S. P. XII, 0.93 9.1 
Oxide Oint- p. 538 8.4 
ment 9.4 


Av. 7.0 


“ 


ue 


Ointment of N. F. VII, 25 
Mild Mercur- p. 470 
ous Chloride 
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bending its body or coming in oral contact with it. 
The shield does not, however, keep the rat from 
walking about in its cage, nor does it interfere with 
its intake of food and water. At the end of twenty- . 
four hours the animal is killed, exsanguinated, and 
the kidneys removed for chemical analysis of mer- 
cury (3). Usually 6 animals are used for an assay. 


RESULTS 


Assay of the 8 ointments is shown in Table I. 
Using the storage of mercury in the kidney as an 
index of cutaneous penetration, it can be seen that 
there are marked differences between ointments. 
The oleate and the nitrate give a cutaneous pene- 
tration of mercury significantly greater than all of 
the others. The mercurial (strong and mild), am- 
moniated and red oxide occupy an intermediate po- 
sition, while the lowest penetration is recorded for 
yellow oxide and calomel. It is to be noted that 
although the ointments differ widely in their mer- 
cury content, this factor does not appear to deter- 
mine penetration. Thus, in the case of the strong 
and mild mercurial ointments, both having the 
same vehicle but differing by 5-fold in their mercury 
content, there is no difference in penetration. Even 
more striking is the fact that calomel and yellow 
oxide ointments have the same penetration even 
though they differ by 25-fold in their mercury con- 
tent. With respect to the effect of the vehicle, it 
should be pointed out that all except the nitrate and 
oleate ointments contain very large proportions of 
petrolatum which has been shown to hinder pene- 
tration (2). This may be the effect which reduces 
the strong mercurial, mild mercurial, ammoniated 
and red oxide to the same moderately low penetra- 
tion even though these ointments differ widely in 
concentration and type of mercury compound. It 
is not possible from these data to arrive at a definite 
conclusion concerning the effect of the compound 
since the number of variables is too large. While 
the high penetration of the oleate and the nitrate 
may be accounted for by some intrinsic factor, it 
should also be remembered that both compounds 
are suspended in vehicles containing large propor- 
tious of free or combined oleic acid. Oleic acid 
has been shown elsewhere (2) to increase the pene- 
tration of calomel markedly. 


SUMMARY 


Eight official mercury ointments have 
been assayed biologically. Evaluation of 
the ointments was based on the degree of 
cutaneous penetration of mercury in the rat. 
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Pharmaceutical Applications of Isopropyl Alcohol 


Il. 


Solubilities of Local Anesthetics*"' 


By HENRY M. BURLAGE} 


W™ THE inclusion of isopropy! alcohol 
in The National Formulary, it seems 
important to examine more fully its phar- 
maceutical possibilities. This alcohol has 
many properties similar to ethanol, some of 
which seem to make it superior to the latter 
for certain purposes. Also, the fact that it 
is tax-free is an important consideration 
in its use as a solvent. Since the solubility 
data are rather meager or inconclusive, it was 
advisable to begin by selecting the prominent 
group of compounds—the local anesthetics. 


TABLE I.—-SOLUBILITIES OF LOCAL ANESTHETICS IN ISOPROPYL ALCOHOL 


EXPERIMENTAL 


Since most of the solutions of solids employed in 
pharmacy are weight-in-volume solutions, the solu- 
bility data obtained in this study are on this basis 
(from a practical standpoint). Accordingly, satu- 
rated solutions of the compound in the alcohol were 
prepared at 25° and definite volumes of the solution 
were measured into tared dishes by means of stand- 
ard pipettes. The solvent was allowed to evapo- 
rate at room temperature and the residue was dried 
at 105°. In the case of losses due to apparent de- 
composition, the residue was dried in a desiccator. 
The results are shown in the following table. 








Name of Compound 
Alypin Base (Amydricaine) 
Alypin Hydrochloride N. 


Hydrochloride) 
Amylsine Hydrochloride N. N. R. (Amylcaine) 


N. R. (Amydricaine 





Winthrop 





Manufacturer 


Solubility, Gm./100 Cc. of 
Solution 
Liquid-miscible in all pro- 

portions 


Winthrop 38.0844 


Novocol Chemical Mfg.Co. 0.7768 


Aminocaine (Amylcaine) Seydel 49.5370 
Apothesine Hydrochloride N. N. R. Parke Davis Co. 5.7710 
Borocaine (Ethocaine Borate) Sharp and Dohme 2.3290 
Butyl Aminobenzoate U.S. P. (Butesin) Abbott 47.0840 
Butesin Picrate N. N. R. Abbott 9.2500 
Diothane Base Merrell 38.7700 
Diothane Hydrochloride N. N. R. Merrell 0.5710 
Ethacaine Seydel 36.2570 
Ethyl Aminobenzoate U. S. P. 
(Benzocaine) Parke Davis Co. 16.8430 
(Benzocaine) Seydel 16.6450 
Eucupin Base Rare Chemicals 34.3030 
Eucupin Dihydrochloride Rare Chemicals 7.8640 
Intracaine Squibb 1.6070 
Metycaine Base Lilly Liquid-miscible in all pro- 
portions 
Metycaine Hydrochloride N. N. R. Lilly 2.9140 
Nupercaine Hydrochloride N. N. R. (Dibucaine) Ciba Insufficient sample greater 
than 1 Gm. in 2;4 cc. 
Orthoform N. N. R. (Orthoform-New) Winthrop 12.0450 
Panthesine Sandoz 1.5160 
Phenacaine Base (Holocaine Base) Winthrop +. 9960 
Procaine Base Abbott 41.8780 
Procaine Butyrate Rorer 69.4800 (unstable) 
Procaine Hydrochloride U. S. P. Abbott 0.6030 
Tetracaine Base (Pontocaine Base) Winthrop 36.6400 
Tetracaine Hydrochloride U. S. P. (Pontocaine Winthrop 1.5350 
Hydrochloride 
Tutocaine Hydrochloride (Butamin) Winthrop 0.1980 
SUMMARY 


* Received Sept. 4, 1946, from the University of North 
Carolina School of Pharmacy, Chapel Hill, N. C. 

Presented to the Scientific Section of the A. Pu. A., Pitts- 
burgh meeting, 1946. 

+ Acknowledgment is made to Standard Alcohol Company 
of New York for funds to carry on this study and to the vari- 
ous manufacturers who generously furnished the supplies of 
local anesthetics used. f \ 

t Professor of Pharmacy, School of Pharmacy, University 
of North Carolina. 


Thé solubilities, in isopropy! alcohol, of 27 
local anesthetics on the American market 
are reported on the basis of weight in vol- 
ume. 
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The Effect of Serum and Organ Emulsions on 
Penicillin Fractions* 


By W. A. RANDALL, HENRY WELCH, and C. W. PRICE 


The difference in the degree of inactivation of 
penicillin fractions by human, rabbit, bovine 
sera, or rabbit tissue emulsions is not suffi- 
cient to establish a differential assay method 
for estimating the various fraction concentra- 
tions in a given sample. In sera, penicillin K 
is more unstable than the other forms of 
penicillin, namely G, X, and F. 


HERE is considerable interest in the de- 

velopment of methods for differentiat- 
ing the various fractions of penicillin and 
particularly for differentiating penicillin G 
from penicillin K. In view of the reported 
deficiencies of penicillin K as a therapeutic 
agent the need for a method for estimating 
the K content of commercial penicillin is 
apparent. While the penicillin K content of 
commercial penicillin may not be especially 
important where the amount of penicillin 
given depends on the condition of the pa- 
tient, public health programs for the treat- 
ment of venereal diseases require a stand- 
ardized dosage schedule which cannot be 
maintained if the penicillin varies in thera- 
peutic efficacy. 

Certain groups directly interested in this 
field were of the opinion that the failure of 
penicillin K to maintain levels comparable 
to those given with penicillin G was due to 
the presence in the serum of a labile enzyme 
(1) which was capable of destroying a greater 
amount of penicillin K than of penicillin G. 
It was suggested by this group of observers 
that a study of the action of sera on penicillin 
might show a point at which inactivation of 
one fraction would be complete while partial 
inactivation of the other occurred. The in- 
activation of penicillin by sera was reported 
by Bigger (2) in 1944 who stated that peni- 
cillin was inactivated by whole blood and 
serum but that a marked difference in the 
degree of inactivation existed with different 
lots of serum. This inactivation according 
to Bigger was always more pronounced at 


* Received Nov. 23, 1946, from the Division of Penicillin 
Control and Immunology, Food and Drug Administration, 
Federal Security Agency, Washington, D. 


37°. The penicillin he employed was an im- 
pure preparation and the predominating 
fraction was not determined although it was 
probably penicillin F. It was thought that 
the employment of crystalline fractions of 
penicillin in a comprehensive study might 
serve to answer the question whether serum 
inactivation could be utilized to differentiate 
penicillin fractions. Consequently the fol- 
lowing series of experiments were made to 
determine the effect of sera on penicillins G, 
X, F, and K at several temperatures and re- 
action times. The sera employed repre- 
sented pools of from two to ten individual 
serums to reduce variation to a minimum. 


EXPERIMENTAL 


In conducting the tests the desired quantity of 
the appropriate crystalline fraction was dissolved in 
0.1 ml. of sterile distilled water and the volume 
brought to 2.0 ml. by adding the serum under test. 
This represented a 95% concentration of the serum. 
The 10° temperature was obtained by placing the 
tubes in a refrigerator while all other temperatures 
were maintained by placing the tubes in a water 
bath which had a variation of +0.5°. After the 
desired time had elapsed a portion of the mixture 
was removed and diluted to one unit (estimated) for 
assay by diluting in sterile phosphate buffer (1%) at 
pH 6.0. The penicillin content was then determined 
by a modification of the Staphylococcus aureus filter- 
paper disc method of Vincent (3). 


DISCUSSION 


In conducting these experiments numerous vari- 
ables were introduced in so far as the time of expo- 
sure to serum and the concentration of penicillin was 
concerned. In the first experiments 10 units of the 
penicillin fractions per ml. of serum were used and 
following the suggestion of a second group working 
on this problem the unitage was raised to 100 and 
1000 units per ml. on the basis that higher concen- 
tration according to preliminary work done by them 
resulted in 99.9% destruction of the K fraction with 
only 80% destruction of the Gfraction. The results 
at these higher concentrations were similar to those 
obtained at the 10 unit level and though this work 
did not result in a simple means for differentiating 
the fractions it did afford useful information concern- 
ing the relative over-all stability of the penicillin 
fractions in sera. 
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The data obtained from these studies is presented 
in condensed form in charts I to VIII (Fig. 1). If 
the charts are studied as a whole it is apparent that 
under all of the conditions of these tests penicillin K 
is by far the most unstable of the four fractions of 
penicillin and that, in general, the order of instabil- 
ity in sera is K, G, F, and X. 

Using rabbit sera at 37° and a concentration of 10 
units of penicillin (chart I) the inactivation of peni- 
cillin K was complete but under the same conditions 
the inactivation of penicillin G was 90%; conse- 
quently the difference would hardly be sufficient to 
permit its use as a means of differentiation. When 
the temperature is raised to 55° with this concentra- 
tion of penicillin there is no significant change in the 
order of inactivation which is K >G>F>X. 

Chart III shows the degree of inactivation ob- 
tained at various time intervals at 37° when the 
concentration of the penicillins is raised to 100 units 
per ml. At four, six, and eight hours the relative 
order of inactivation was K>G>X>F while after 
twenty-four hours all fractions were inactivated to 
the same extent. An apparent discrepancy exists 
when a comparison is made between the per cent in- 
activated at this temperature when 10 units and 100 
whits are employed, for one would expect the per- 
centage of penicillin inactivated to decrease as the 
concentration was increased. The most probable 
explanation here is, perhaps, the batch to batch vari- 
ation in the ability of serum to inactivate penicillin, 
This variation has been reported by Bigger (2) and 
has been repeatedly observed in our laboratories in 
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serum from human patients held for penicillin assay 
for more than one day. 

Chart IV presents the data obtained when tem- 
peratures of 40° and 44° were used with penicillin 
concentrations of 100 and 1000 units for twenty-four 
hours. 

Chart V represents the effects of human sera on 
100 units/ml. of penicillins G and K at 37°. Here 
again the somewhat more marked instability of peni- 
cillin K may be observed. When bovine sera was 
employed, however, (chart VII) there is a greater de- 
struction of penicillin G at six and eight hours while 
at twenty-four hours the inactivation is the same for 
both fractions. The dificrences between human sera 
and the bovine sera used is further evidence when the 
data in chart VI and VIII are considered. 

When it became obvious that it was not possible 
to utilize sera as a means of differential determina- 
tion of the amounts of penicillin K in commercial 
penicillin it was decided that tissue emulsions might 
afford a lead. Abraham, et al. (4) had previously 
found that negligible inactivation resulted when peni- 
cillin was incubated with blood, liver, spleen, mus- 
cle, brain, lymph nodes, lung and intestine. The 
type of penicillin with which they were working is 
not stated but it is highly probable that the predomi- 
nating fraction was penicillin F. 

In these studies tissues were removed from a 
freshly killed rabbit and 10°) emulsions made by 
homogenizing in a Waring blendor. To 1.9 ml. of 
this emulsion 0.1 ml. of the appropriate penicillin 
fraction in water was added to give a final concen- 
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Fig. 1.—The effect of time, temperature, and concentration of penicillin on per cent inactivation of 


various penicillin fractions. 


(Referred to in text as “‘charts’”’ I to VIII.) 
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TaBLE I.—Per Cent INACTIVATION OF CRYSTAL- 
LINE PENICILLIN “‘G’’ AND “K"’ USInG AVERAGES OF 
Assays Mane art 2, 4, 6, AND 24 Hours 








Average % 
Inactivation 
Tissue G K 
Gall bladder 31.0 10.0 
Fat 29.5 21.0 
Heart 21.0 16.0 
Liver 24.0 7.0 
Lung 25.5 4.0 
Muscle 19.0 12.0 
Kidney 19.0 19.0 
Spleen 10.0 15.5 
Average, All Tissues 22.37 13.06 








tration of 10,000 units per ml. This level was not 
selected because it represents any conceivable con- 
centration which might occur under conditions of 
actual use in the body but rather because it was de- 
cided that unless the inactivating abilities of one 
emulsion was far superior in selective destruction of 


one of the fractions it would be of little actual value. 
The mixtures were incubated in a water bath at 37° 
and assays made at 2, 4, 6, and 24 hours. In order 
to simplify the data the results are presented in 
Table I as averages for the time intervals. 

It can be seen from Table I that emulsions of 
spleen, kidney, muscle, heart and fat inactivated 
about the same amounts of penicillin K and G. The 
lungs, liver, and gall bladder inactivated consider- 
ably more Gthan K. A consideration of Table I in 
its entirety indicates that penicillin G is destroyed 
by tissue emulsions to a somewhat greater extent 
than penicillin K. 
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The Urinary Excretion of Penicillins G and K 
in Rabbits* 


By C. W. PRICE, W. A. RANDALL, and HENRY WELCH 


Results of experiments designed to determine 

the fate of penicillins G and K from the rate 

and total amount of urinary excretion of these 

fractions in rabbits are reported. Compara- 

tive data on the rate of excretion, blood levels, 

and relative effectiveness of penicillins G and 
K are presented. 


T HAS been reported recently by Coghill, 
et al. (1) that penicillin K is more rapidly 
excreted by human beings than other peni- 
cillin fractions, namely G, X, and a fraction 
numbered 128. They concluded that peni- 
cillin K must be more rapidly destroyed in 
the body. Other studies have indicated (2) 
that penicillin K is less effective tm vivo than 
penicillin G against several species of organ- 
isms and only about one-tenth as effective in 
the treatment of rabbit syphilis. The latter 
therapeutic failure has been related to a 
greater destruction of penicillin K in the in- 





* Received Nov. 23, 1946, from the Division of Penicillin 
Control and Immunology, Food and Drug Administration, 
Federal Security Agency, Washington, D. 


tact rabbit with accordingly low total uri- 
nary excretion. 

Previous experiments (3) on the differen- 
tial inactivation of penicillin K by serum 
showed that although somewhat more peni- 
cillin K was inactivated by serum than peni- 
cillin G, the difference did not seem suffi- 
ciently great to explain the reported marked 
clinical ineffectiveness of penicillin K. In 
order to throw light on the fate of penicillin 
G and K in rabbits, experiments were de- 
signed to determine the rate and total 
amount of urinary excretion of these frac- 
tions. The penicillins used were obtained 
through the Antibiotics Study Section of the 
U.S. Public Health Service. 


EXPERIMENTAL 


Crystalline penicillins G and K were administered 
intravenously to rabbits at two dosage levels: 2000 
u./Kg. and 20,000 u./Kg. Male rabbits weighing 
about 3 Kg. were used. The animals were strapped 
to boards and the heads elevated. Catheters were 
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inserted into the bladder and the residual urine 
removed by lavage with 20 ml. of distilled water 
followed by the application of pressure to the abdo- 
men above the bladder. After the bladder was emp- 
tied the penicillin fraction under test was dissolved 
in water and injected intravenously in a dose of 2000 
u./Kg. or 20,000 u./Kg. using 1.0 ml. of solution per 
Kg. of body weight. Urines were collected by lav- 
age with 20 ml. of distilled water followed by mas- 
sage of the abdomen at 15, 30, 60, 90, 120, 150, 180, 
and 240 minutes after the injection. Dilutions for 
assay were made in phosphate buffer pH 6.0 and the 
penicillin content determined by the Staphylococcus 
aureus filter disc plate technic. 

Blood samples were drawn from each animal by 
cardiac puncture at the end of thirty or sixty min 
utes and penicillin levels determined. Thirty-eight 
rabbits were employed distibuted as follows: 12 re- 
ceived penicillin K at the 20,000 unit level; 10 re- 
ceived penicillin G at the 20,000 unit level; 9 re- 
ceived penicillin K at the 2000 unit level and 7 re- 
ceived penicillin G at the 2000 unit level. The re- 
sults obtained are shown in Tables I and II and are 
graphically presented in Fig. 1. 
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TABLE I.—AVERAGE CUMULATIVE PER CENT 
EXCRETION OF PENICILLINS G AND K 
Time 
Inter- Penicillin Penicillin Penicillin Penicillin 
val, G, 20,000; K, 20,000; G, 2000; K, 2000; 
Min. Per Cent Per Cent Per Cent Per Cent 
15 18.2 15.3 19.3 19.0 
30 24.9 41.6 39.7 36.8 
60 45.2 55.4 50.7 44.1 
90 52.0 60.3 54.1 46.4 
120 57.1 61.5 56.6 47.1 
150 57.7 61.7 57.2 47.3 
180 59.6 62.1 57.6 47.6 
240 59.9 62.4 57.8 47.8 


TABLE II.—BLoop LEVELS OF PENICILLINS G AND K 





Penicillin Level, 


Time, 
u./Kg. Min. Range Average 
K 20,000 60 0.2-1.3 0.59 
G 20,000 60 0.8-2.8 1.52 
K = 2,000 30 0.0-0.0 0.0 
G 2,000 30 0.0-0.32¢ 0.045 





* One rabbit only gave a level; all others 0.0. 
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MINUTES AFTER INJECTION 


Fig. 1.—Average cumulative per cent urinary excretion following intravenous injection of penicillins G 


and K in rabbits. 


The average cumulative per cent excretion of peni- 
cillin G and K at the 20,000 units per Kg. level indi- 
cate that the excretion of penicillin G and K occurs 
at a different rate during the first half hour following 
injection (Table I). During this period an average 
of 44.6% of the penicillin K was excreted as com- 


pared with 24.9%, of penicillin G. The individual 
values for the twelve rabbits used for penicillin G 
were from 4% to 56° at thirty minutes while the 
values for the 10 rabbits used for K varied from 15% 
to 65% in the same time period. During the next 
thirty minutes penicillin G is excreted at a faster 
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rate than penicillin K and from then on the excretion 
rate is about the same for both fractions. 


When 2000 units per Kg. are injected under the 
same conditions this increased excretion during the 
first thirty minutes was not observed. After thirty 
minutes the total amount of penicillin K excreted 
during any given period is approximately 10% less 
than the amount of penicillin G. It is of interest 
that the total amount of penicillin G and K ex 
creted when 20,000 units per Kg. were injected 
was about the same. Similarly the percentage of 
penicillin G excreted when 2000 units per Kg. were 
given was the same as the per cent penicillin G and 
K excreted at the 20,000 unit per Kg. level while the 
percent penicillin K excreted at the 2000 unit pet 
Kg. level was only 10° less. 

rhe penicillin blood levels of the animals injected 
with 20,000 units per Kg. or 2000 units per Kg. are 
shown in Table II. The average blood level of the 
rabbits receiving 20,000 units per Kg. of penicillin G 
was 1.52 units per ml. at the end of sixty minutes 
which is approximately three times the figure ob- 
tained for penicillin K (0.59 unit per ml.) in the 
same time period. This may be explained by the in- 
creased excretion of penicillin K during this period 
as well as by the greater inactivation of this fraction 
in vivo. Following the injection of 2000 units per 
Kg. of the two fractions no penicillin levels were 
demonstrable at the end of thirty minutes in the 
case of penicillin K, while none or low levels were 
obtained with penicillin G. It should be pointed 
out, however, that the Staph. aureus filter disc 
plate method of assay will only detect penicillin 
concentrations greater than 0.15 unit per ml. The 
total urinary excretion of penicillin K in man has 

- 


been reported to be 28°), when 25,000 units were 
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given intravenously (1, 2). In the rabbit experi- 
ments reported here about 60°) of the total dose of 
both G and K was excreted in four hours, when 
20,000 units per Kg. were given. It was thought 
that this relatively high dose might account for the 
high total excretion in rabbits and that if large 
amounts of penicillin K were given to humans the 
total amount excreted might be greater. Accord- 
ingly two healthy adult males were given a single 
injection of 1,000,000 units of penicillin K intramus 
cularly. In each case the total amount excreted, in 
agreement with that reported by Coghill, et al. (1), 
was approximately 30°,. A point of interest was 


The col- 
lection of urine samples for assay was terminated in 


the duration of the urine penicillin levels. 


one case at the 19th hour and in the second case at 
In the former case there were 2 
units of penicillin per ml. of urine at the 19th 


hour and in the latter case 1.2 units per ml. were 


the 32nd hour 


found at the 32nd hour. The low total excretion 
in human beings is in contrast to the results ob- 
tained in rabbits and perhaps indicates a more 
effective mechanism in man for the inactivation 
of penicillin K. In order to determine whether 
this greater inactivation of penicillin K was ac- 
companied by a marked decrease in clinical effec- 


tiveness, eleven patients with gonorrhea were 
treated with various dosage levels of penicillin K, and 
for comparison eight patients were treated with 
crystalline penicillin G. Table III shows the total 
number of units which were given in four evenly di- 
vided doses every hour for four hours and the thera- 
peutic response obtained. 


TABLE III 


Total Amount 


Type of of Penicillin Therapeutic 

Patient Penicillin Injected, Units Result 
l K 36,000 Cured 
2 K 55,000 Cured 

3 kK 58,000 Failure 

{ kK 37,000 Failure 
5 K 56,000 Cured 
6 K 200,000 Cured 
i kK 200,000 Cured 
s kK 200,000 Cured 
9 K 200,000 Curéd 
10 K 200,000 Cured 

11 K 200,000 Failure 
12 G 107,000 Cured 
13 G 78,000 Cured 
14 G 113,000 Cured 
15 G 108,000 Cured 
16 ; 200,000 Cured 
17 G 200,000 Cured 
18 5 200,000 Cured 
19 G Cured 


200,000 


It can be seen that in this small series of cases al- 
though penicillin K does not appear to be as effective 
as penicillin G in the treatment of gonorrhea it still 
has considerable therapeutic value. Of the eleven 
patients treated with various amounts of penicillin 
K there were only three failures. If only those pa- 
tients receiving 200,000 units are considered there 
was only one failure out of the six treated with this 
amount. It should be noted that one patient was 
cured by as little as 36,000 units of penicillin K. 

From the evidence now available it is obvious that 
penicillin K is not as effective clinically as either of 
the penicillin fractions G or X. On the basis of pre- 
liminary data manufacturers have, for the past sev- 
eral months, markedly decreased their over-all peni- 
cillin production by cutting down the production of 
penicillin K through the use of precursors that stimu- 
late the penicillia to produce preferentially the G 
fraction. During these past few months consider- 
able emphasis has been placed upon the lack of clini- 
cal effectiveness of penicillin K, perhaps more than 
the facts warrant. There is no question but that 
penicillin K is considerably less effective than peni- 
cillin G in the treatment of rabbit syphilis, and it is 
probable that a similar situation exists in the treat- 
ment of this disease in men. However, in other dis- 
eases, those caused for example by the gonococcus, 
the pneumococcus, the streptococcus and possibly 
others, penicillin K cannot be written off as an inef- 
fectual drug. If, in the treatment of a pneumococcus 
or streptococcus infection, a daily dose of 300,000 
units of penicillin G is utilized, and the data so far 
indicates that penicillin K is one-third to one-fifth as 
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effective as penicillin G, it would require from 900,-7) 
000 to 1,500,000 units of penicillin K to treat such 
cases. In terms of “‘units” these latter doses appear 
to be relatively large. On a weight basis an entirely 
different picture is presented since in the case of 
penicillin G 3 gr. per day would be given in the 
treatment of such diseases and in the case of penicil- 
lin K from 9 to 15 gr. per day. In view of the tre- 
mendous spread between the therapeutic and toxic 
doses of penicillin the dose of penicillin K given 
above on a weight basis is infinitely small. In the 
case of gonorrhea the comparison is even more strik- 
ing. In most cases of gonorrhea successful cures are 
obtained with 100,000 units of penicillin G (1 gr.). 
If, in gonorrhea, penicillin K is only one-half to one- 
third as effective, 2 to 3 gr. of this penicillin fraction 
would be required to obtain results comparable to 
those obtained with the G fraction. There is no 
question but that the problem in the social diseases 
is somewhat different than that of the acute infec- 
tions, such as pneumonia or streptococcus infections 
and that it is very desirable to set up a specific rela- 
tively rigid dosage schedule for the former diseases. 
There is no reason why this cannot be done in view 
of the present availability of crystalline penicillin 
which consists largely of the G fraction. Actually, 
however, there is no reason why even penicillin K 
could not be used effectively in the treatment of 
syphilis provided the dose were made sufficiently 
high. If we can assume in syphilis in man that the 
factor of effectiveness of G to K is 10 to 1, in the 
case of penicillin G, 2,400,000 units would be given 
over a period of eight days while in the case of peni- 
cillin K 24,000,000 units would be required. The 
massiveness of “‘this dose” is also considerably mini- 
mized when placed on a weight basis since in the 
case of penicillin G approximately 3 gr. of this drug 
would be given daily in the syphilis dosage schedule 
and only 30 gr. daily of penicillin K. These latter 
doses cannot be considered as massive when com- 
pared with the dosages of arsenicals and bismuth 
that have been prescribed for this disease, particu- 
larly when consideration is given to the wide range 
between the therapeutic and toxic doses of the vari- 


ous penicillin fractions. On the basis of the data 
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now available it appears that pencillin K cannot be 


‘ considered an ineffectual therapeutic agent regard- 


less of the diseases against which its antibiotic ef- 
fect is directed and that extensive clinical studies are 
necessary to evaluate properly the clinical effective- 
ness of this penicillin fraction. 


CONCLUSIONS 


1. At dosage levels of 20,000 u /Kg. in 
rabbits, penicillin K is excreted at a faster 
initial rate than penicillin G but thereafter 
the excretion rate is about the same. 

2. When 2000 units of penicillin K per 
Kg. are injected into rabbits this faster 
initial excretory rate is not observed and the 
total excretion of penicillin K is about 10% 
less than that of penicillin G. In mart, how- 
ever, the total excretion of penicillin K is 
about one-half that observed in rabbits. 

3. Blood levels at sixty minutes are 
about 3 times as high with penicillin G than 
with the K fraction when 20,000 u./Kg. is 
injected into rabbits. 

4. When 2000 u./Kg. were injected peni- 
cillin K did not give detectable blood levels 
at the end of thirty minutes while very low 
average levels were obtained with the same 
dose of penicillin G. 

5. Although penicillin K is not as effec- 
tive as penicillin G in the treatment of 
gonorrhea the evidence indicates that it still 
has considerable therapeutic value in this 
disease. 
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The Effect of Renal Ligation on Serum Penicillin 
Levels Produced by Penicillins G and K in Rabbits* 


By HENRY WELCH, C. W. PRICE and W. A. RANDALL 


Evidence is presented that in rabbits complete renal ligation results in prolongation 

of blood levels following the injection of either penicillin K or penicillin G. A 

theory is advanced that both excretion and an undetermined inactivation mechanism 

are involved in the failure of penicillin K to maintain adequate blood levels in rab- 

bits. This inactivation mechanism is believed also to inactivate penicillin G but to 
a lesser extent than penicillin K. 


N THE past few months much evidence has 
accumulated indicating that penicillin K 
is clinically inferior te penicillin G when ad- 
ministered in comparable doses. When 
tested in vitro the activity of penicillin K is 
more pronounced than penicillin G against 
numerous organisms and when it is assayed 
by the official F.D.A. cup-plate method 
against Staphylococcus aureus potencies of 
from 2200 to 2300 units per milligram of dry 
material are obtained as against the stand- 
ard crystalline penicillin G which has a 
potency of 1667 units per milligram. Utiliz- 
ing turbidimetric assays, values as high as 
2600 units per milligram have been reported 
for relatively pure specimens of penicillin K. 
When injected into the animal body in pro- 
phylactic or protective tests a reversal in 
comparative activity occurs, however, and 
penicillin K may be only one-half to one- 
tenth as active against the infecting organ- 
ism as penicillin G (1). In a recent article 
Coghill, Osterberg and Hazel (2) state that 
preliminary experimental evidence indicates 
that “penicillin K is so unstable in the 
human system that its therapeutic useful- 
ness when used parenterally is open to ques- 
tion.” Penicillin K has been further im- 
plicated by numerous groups as being prob- 
ably responsible for the adverse trend noted 
in the rapid treatment of syphilis with peni- 
cillin. 

At the present time a large amount of in- 
vestigational work is in progress designed 
toward determining the fate of penicillin K 
in the animal body as a possible answer to 
its apparent ineffectiveness when compared 
to penicillin G. Numerous theories have 








* Received Nov. 23, 1946, from the Division of Penicillin 
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been advanced concerning the reasons and 
many of them are quite plausible although 
not entirely proved. One theory is that peni- 
cillin K is selectively inactivated by an en- 
zyme system found in the circulating blood 
and active both im vivo and in vitro. <A 
second theory is that biological conversion 
and excretion as an inactive compound may 
occur while still a third theory is that certain 
organs may be able to metabolize selectively 
penicillin K to a more marked extent than 
penicillin G. Actually any one or a combina- 
tion of all might well be implicated but the 
final answer must await the results of further 
study. 

A chance observation made by one of us in 
1944 that preliminary injection of small 
doses of a mercurial diuretic resulted in a 
marked diminution in duration of blood 
levels following injections of penicillin while 
administration of doses sufficiently large to 
produce anuria resulted in prolongation of 
blood levels for as much as forty-eight hours 
suggested a possible line of attack to the 
problem concerned with im vivo destruction 
or inactivation of penicillin K. If one were 
to assume that the poorer clinical results 
were due to the destruction of penicillin K to 
a much greater extent than occurred with 
penicillin G in a given time period, the pre- 
vention of excretion should produce but 
little change in the over-all blood level pic- 
ture as compared with that obtained in nor- 
mal animals following parenteral adminis- 
tration of these two penicillins. With this in 
mind the following series of experiments were 
conducted to determine whether a rapid and 
complete inactivation of penicillin K_ oc- 
curred when the main organs of excretion 
were excluded from the circulation or 
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whether a marked difference could be 
demonstrated in the prolongation of effective 
serum levels of penicillins G and K. 


EXPERIMENTAL 


In conducting these experiments healthy rabbits 
weighing approximately 5 Kg. were selected and 
placed under anesthesia by administering 200 mg./ 
Kg. of sodium barbital supplemented by ether dur- 
ing the actual operative procedure. The kidneys 
were exposed as rapidly as possible and a common 
ligature of heavy silk was placed around the renal 
artery, the renal vein, and the ureter in such a man 
ner that the kidney was completely isolated. The 
appropriate amount of freshly prepared solutions of 
the crystalline penicillin was then administered by 
way of the marginal ear vein and blood samples were 
removed by cardiac puncture at 5, 30, 60, 120, 180, 
240, and 300 minutes for the determination of serum 
penicillin levels. Estimated dilutions of the serum 
were made in 1% phosphate buffer (pH 6.0) and the 
penicillin content determined by the Staph. aureus 
plate-filter disc method. 

In carrying out these experiments a total of four- 
teen rabbits was employed, five each receiving 
penicillins G and K at a dose level of 20,000 units 
per kilogram and two each receiving the penicillins 
at a dose level of 2000 units per kilogram. The re- 
sults appear in tabular form in Table I and are 
graphically illustrated in Figs. 1 and 2. 
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Fig. 1.—Blood levels in renal ligated rabits 
following I.V. injections of penicillin G and K using 
a dose of 20,000 U/Kg. 


DISCUSSION 


An inspection of the table and figures reveals that 
complete renal ligation in rabbits results in a marked 
prolongation of penicillin blood levels. Penicillin G 


TABLE I.—AVERAGE BLOOD LEVELS OF CRYSTAL- 
LINE PENICILLIN G AND K IN RENAL LIGATED 








RABBITS 
Time 
Interval, Penicillin Penicillin Penicillin Penicillin 
Min. G, 20,000 K, 20,000 G, 2000 K, 2000 
5 96. 8* 120.0 17.25 8.85 
30 65.7 30.3 7.25 2.42 
60 54.3 12.9 6.75 1.95 
120 44.6 a8 5.12 0.86 
180 28.0 4.7 2.72 0.73 
240 20.8 2.6 2.22 0.63 
300 18.3 2.2 2.17 6 


* Units per ml. of serum. 
+ Animals dead. 
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Fig. 2.—Blood levels following I.V. injection of 
2000 U/Kg. of penicillin G and K in renal ligated 
rabbits. 


produced blood levels which, in general, were much 
higher than those produced by penicillin K. The 
important role that the kidneys play in elimination 
of penicillins from the body is well illustrated since 
in the normal rabbit receiving these dosages, peni- 
cillin would not be detectable after two or three 
hours. It is evident, however, that the theory that 
penicillin K is rapidly and completely destroyed by 
sera or organs (other than the kidney) is not sup- 
ported by this data. As long as four hours after the 
intravenous injection of 2000 units per kilogram in 
renal ligated rabbits, a dose comparable to 120,000 
units in a 60-Kg. man, the blood level for penicillin 
K averages 0.63 unit/ml. of serum. Since the level 
for penicillin G is 2.22 units/ml. four hours after in- 
jection of a single dose, it is evident that definite 
inactivation of penicillin K is obtained although this 
is far from complete. As would be expected, the 
injection of 20,000 units per kilogram produced ex- 
tremely high levels in these renal ligated animals. 
At this dosage level over 2 units of penicillin K per 
ml. of serum were found five hours after injection. 
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It is apparent from these figures that the failure of 
penicillin K to maintain adequate blood levels is 
only partially due to destruction or inactivation by 
some mechanism in the body and that excretion by 
the kidney plays an important role as well. Ina 
large series of excretion experiments which are 
being reported elsewhere the kidneys were left in- 
tact. In these cases no demonstrabie penicillin 
serum levels were found after thirty minutes when 
2000 units per kilogram of penicillin K were in- 
jected while one hour after injection of 20,000 units 
per kilogram only 1.5 units per ml. of serum were 
found. By way of comparison 12.0 u./ml. of serum 
were found one hour after injection of 20,000 u./Kg. 
of penicillin K in the renal ligated animals. 

It should be noted (Table I) that from the second 
to the fourth hours the blood levels of penicillin K 
following injection of 2000 units per Kg. are prac- 
tically constant. At the second hour (120 minutes) 
0.86 unit per ml. of serum were found, at the third 
hour 0.73 unit per ml., and at the fourth hour 0.63 
unit per ml. Similarly, following injection of 2000 
units/Kg. of penicillin G serum levels of 2.72 units 
per ml., 2.22 units per ml., and 2.17 units per ml. 
were obtained at the third, fourth, and fifth hour, 
respectively. Both penicillin fractions are markedly 
depleted during the first two hours. If this deple- 
tion in activity is due to serum inactivation or some 
other inactivating medium it is difficult to explain 
why these penicillin fractions maintain a fairly con- 
stant level for from two to three hours unless it is 
explained on the basis that the effective mechanism 
is exhausted following contact with certain quanti- 
ties of penicillin. It is apparent however, that serum 
inactivation of penicillin K is not the complete an- 
swer to its lower therapeutic efficiency since, even 
though one can demonstrate inactivation of certain 
quantities of penicillin K both in vitro and in vivo, in 
the ligated rabbit penicillin K in a concentration of 
less than one unit per ml. was maintained for a pe- 
riod of at least two hours. 

In rabbits receiving either 20,000 units/Kg. or 
2000 units/Kg. of penicillin K a rapid initial drop 
in the, blood levels occurred when compared with 
those rabbits receiving similar doses of penicillin G, 


while at later periods the rate of decline was more 
gradual for both fractions with penicillin G falling 
off more rapidly between thirty minutes and five 
hours. This rapid initial fall in the serum level of 
penicillin K indicates that this type of penicillin is 
probably inactivated more rapidly than is penicillin 
G under identical circumstances. There is also the 
possibility that some other route of excretion may be 
involved. A few preliminary experiments indicated 
that in normal animals, following injections of both 
penicillins K and G, penicillin K levels in the bile 
were three times as high as those obtained with peni- 
cillin G. In view of the fact that the flow of bile in 
any thirty-minute period could not be a large vol- 
ume it is hardly possible that this offers an adequate 
explanation but it may be that this is an indication 
that more penicillin K may be withdrawn from the 
system by the liver than is the case with penicillin G 
and that some type of inactivation occurs in the liv- 
ing animal within the liver itself. 


SUMMARY 


Complete renal ligation in rabbits results 
in marked prolongation of blood levels fol- 
lowing the injection of penicillin K as well as 
penicillin G. The theory that a combination 
of excretion and inactivation may be in- 
volved in the failure of penicillin K to main- 
tain adequate blood levels in rabbits is ad- 
vanced. Available data indicate the pres- 
ence of an undetermined inactivation 
mechanism which inactivates both penicil- 
lins to some extent but which inactivates K 
to a greater extent. The probability that 
this mechanism may be exhausted by large 
doses of either form of penicillin is suggested. 
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The Determination of Arsenic in Official Arsenicals** 


By KENNETH L. WATERS, RUSSELL J. KELLY, and GEORGE D. BEAL 


An assay for the determination of arsenic is 

presented which is applicable to six of the 

seven Pharmacopoeial arsenicals. The 

method employs an alkali-acid permanganate 

oxidation for the destruction of organic 
matter. 


TT USE OF potassium permanganate for 

the decomposition of organic com- 
pounds prior to determination of their in- 
organic constituents is well known. Gener- 
ally, this oxidation is performed in a strongly 
acid medium; however, Leclercq (1) showed 
that an alkaline permanganate solution could 
be successfully employed to decompose cer- 
tain types of iodo-organic compounds. But- 
ler and Burdett (2) applied this procedure to 
the decomposition of tetraiodophthalein 
with such excellent results that the U. S. P. 
XIII (3) has recognized an alkaline per- 
manganate oxidation as official in the assay 
of a number of compounds containing io- 
dine. Clark and Jones (4) demonstrated 
that many of the acid- or alkali-soluble io- 
dine-containing organic compounds could 
be decomposed if given an alkaline perman- 
ganate treatment followed by an acid per- 
manganate treatment. Recently, Jenkins, 
Waters, and Beal (5) reported an alkaline 
permanganate oxidation for the determina- 
tion of chlorine in 2,2’-dihydroxy-5,5’- 
dichlorodiphenylmethane. Since the of- 
ficial arsenicals are alkali-soluble it would 
seem that the decomposition of these prod- 
ucts should be no more difficult than that 
of the iodine compounds. If such a de- 
composition procedure could be rendered 
applicable to the official products it would 
permit further unification of U. S. P. assays 
thus eliminating the four different methods 
now in use, 

We have found that six of the seven of- 
ficial arsenicals are indeed easily decom- 
posed by rather mild oxidation. We first 
employ an alkaline solution of potassium 
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permanganate and then complete the oxida- 
tion in acid solution. The results obtained 
agree closely with those obtained by pres- 
ently official Pharmacopeeial assay proce- 
dures. 


EXPERIMENTAL 


The method which we have found to give very 
satisfactory results on the determination of arsenic 
in official arsenicals is as follows: 

Place about 150 mg. of the sample, accurately 
weighed, in a 500-cc. glass-stoppered flask, and add 
15 ce. of sodium hydroxide T. S. Add 25 cc. of 
potassium permanganate (1 in 15) and several glass 
beads, then boil gently for ten minutes. Cautiously 
add 25 cc. of sulfuric acid (1 in 2) and again boil 
gently for ten minutes. Add hydrogen peroxide 
T. S. dropwise to reduce the brown precipitate and 
the excess of potassium permanganate. Wash down 
the sides of the flask and boil gently for ten minutes 
or until the excess hydrogen peroxide is destroyed. 
Cool, and add N/10 potassium permanganate drop 
wise to produce a slight pink color, then just dis- 
charge the pink color by adding dropwise N/10 
oxalic acid. Add about 50 cc. of water and 20 cc. 
of potassium iodide T. S., stopper the flask, and al- 
low to stand in a cool, dark place for one hour. Ti- 
trate the liberated iodine with N/10 sodium thio- 
sulfate without the use of starch indicator. Each 
cubic centimeter of tenth-normal sodium thiosul- 
fate is equivalent to 3.746 mg. of As. 

In Table I are recorded the results obtained upon 
analysis of six of the seven Pharmacopceial arseni- 





cals. 
TABLE I.—ARSENIC IN OFFICIAL ARSENICALS 
Per Cent Arsenic—— 

U.S. P. XII New 

Assay Method 
Arsphenamine 33 ..24(2)2 33 .29(4) 
Neoarsphenamine 20 .79(2) 20. 66(4) 
Dichlorophenarsine 26. 52(2) 26.5515) 
Carbarsone 28. 42(2) 28 . 28(4) 
Sulfarsphenamine 21.91(2) 22 .03(5) 
Tryparsamide 25.47(2) 25.44(4) 


® Numbers in parentheses indicate the number of deter- 
minations made. 
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Comparison of Several Methods for the Determination 
of Arsenic in Pentavalent Arsenicals Alone and in 
Combination with Bismuth* 


By PAUL S. JORGENSEN 


A number of methods for determining arsenic 
have been studied to ascertain their appli- 
cability to the determination of arsenic in 
pentavalent arsenicals, and in preparations 
containing both pentavalent arsenicals and 
bismuth compounds. Of the methods stud- 
ied, it was found that the official method of the 
Association of Official Agricultural Chem- 
ists gave more accurate and consistent re- 
sults under all conditions than any other 
procedure. 


TT U.S. P. XII recognizes three penta- 

valent arsenicals, Carbarsone, Sodium 
Cacodylate, and Tryparsamide, and New 
and Nonofficial Remedies, 1946 Edition, 
describes two of these together with Acetar- 
sone and Phenarsone Sulfoxylate. Others 
are sometimes encountered under private 
trade names. Most of these compounds are 
closely related -hemically to arsanilic acid. 
Others are alkyl pentavalent arsenicals. A 
reliable method for the determination of 
arsenic is essential in the establishment of the 
strength and quality of these preparations 
and it seems desirable to have one method 
which will apply to all of them. 

Rupp and Lehmann (1) described a meth- 
od for the determination of arsenic based on 
the oxidation of organic matter with potas- 
sium permanganate and sulfuric acid, and 
the subsequent addition of potassium iodide 
and titration of the liberated iodine. This 
method has been adopted by the U. S. P. 
XII for the assay of Carbarsone and the tri- 
valent arsenicals, Arsphenamine, Neoars- 
phenamine, and Sulfarsphenamine. The 
New and Nonofficial Remedies recommends 
this method for the analysis of Silver Ars- 
phenamine and Acetarsone. A method in 
which the oxidation of organic matter is 
accomplished with hydrogen peroxide and 
sulfuric acid and the arsenic determined, 


‘after reduction with hydrazine sulfate, by 
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oxidation with potassium bromate, has been 
adopted by the U. S. P. XII Supplement for 
the estimation of arsenic in Dichlorophenar- 
sine Hydrochloride and Oxophenarsine Hy- 
drochloride and by N. N. R. for the assay of 
Phenarsone Sulfoxylate. The Association of 
Official Agricultural Chemists has described 
a method (2) in which the arsenic is deter- 
mined by direct oxidation with iodine after 
digestion with potassium sulfate, starch, 
and sulfuric acid. This procedure has been 
adopted by the U.S. P. XII for Sodium Ca- 
codylate and by the N. F. VII for Ampuls of 
Sodium Cacodylate. Little, Cahen, and 
Morgan (3) used fuming nitric acid .for 
destruction of organic mattrial, reduced the 
arsenic with potassium iodide and reoxidized 
it for the quantitative estimation with stand- 
ard iodine solution. This method is de- 
scribed in the U.S. P. XII for the determina- 
tion of arsenic in Tryparsamide. Newbery 
(4) used a similar procedure except that he 
employed ammonium persulfate for de- 
struction of the organic material. Kahane 
(5) used a mixture of sulfuric, nitric and per- 
chloric acids as oxidizing agents, but this 
method was not studied due to the danger 
attached to the use of perchloric acid. 

In order to test the reliability of the vari- 
ous methods described, a series of arsenic 
determinations were made on a representa- 
tive number of pure organic arsenicals, and 
on a mixture of known amounts of sodium 
cacodylate, sodium arsanilate, and arsanilic 
acid with approximately 100 mg. of bismuth 
subgallate since these arsenicals are fre- 
quently combined with bismuth salts in- 
cluding bismuth subgallate in commercial 
preparations. Some of the methods gave 
accurate and consistent results when applied 
to the pure compounds, but with bismuth 
added most methods are generally not ap- 
plicable, due to the development of colored 
solutions, indefinite end points in the titra- 
tion, or to variable blanks on reagents. The 
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results of these determinations are recorded 
in Table I and Table II. Table III gives 
results on some commercial preparations of 
arsenicals combined with bismuth. 
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and violet colors developed during the titra- 
tion before the end point was reached. The 
end point was represented by a change from 
the brown or violet color to a distinct blue 


TABLE I RESULTS OF ANALYSIS OF PURE ORGANIC ARSENICALS BY FIVE RECOGNIZED METHODS 
U.S. P. XII U.S. P. XII U. S. P. Suppl 
A. O. A.C. Tryparsamide Arsphenamine Dichlorophen- Newbery's 
Method, Method, Method, arsine Method, Method, 
Sample % As % As % As % As % As 
Sodium arsanilate 25.63 25.95 22. 46 26.2 20.95 
As, 25.6% 25.7 25.9 24.14 26.11 20. 84 
Carbarsone 28.81 28.35 28.96 28.73 29.64 29.0 
As, 28.81% 28.87 28.68 29.44 28.41 29.88 29.07 
Tryparsamide 25.45 25.65 25.46 26.03 25.15 
As, 25.31% 25.49 25.31 27.28 25.99 25.7 
Acetarsone 27.28 27.81 28.5 28.0 27.79 27.65 
As, 27.24% 27 .28 27 . 64 28.41 28.79 27.91 25.28 
Phenarsone sulfoxylate 17.42 17.76 18.5 17.95 17.6 
As, 17-18.5% 17.37 17.74 18.4 17.91 17.91 
Stovarsol Sodium 22.7 22.91 23.7 3.21 19.36 22.66 22.79 
22. 56 aa. 4 23.76 22.97 21.9 22.47 
Anhyd. sodium cacodylate 16.63 17.1 48.16 15.44 
As, 46.82% 16.73 17.43 49.2 13.7 
Arsanilic Acid 34.75 34.39 35.17 35.98 34.89 
As, 34.52% 34.47 35.29 34.83 36.03 34.85 
Chloroarsenol* 93 .05 96. 87 101.04 98.6 102.1 
93.05 96.11 102.5 97.91 100 
Acetylarsan* 99.0 99.0 104.25 101.25 100.5 
99.0 99.75 104.25 102.0 101.25 


® Per cent of declared amount in ampul solution 


TABLE II.-—RESULTS OF ANALYSIS OF PURE Or«¢ 


sANIC ARSENICALS WITH BISMUTH SUBGALLATI 


I ~ > suppl 
U.S. P. XII U.S. P. XII Dichiore 
4.0.A.C. Tryparsamide Arsphenamine phenarsine 
Method, Method, Method Method Newbervy's Method 
Sample % As % As \ % As > As 
Sodium cacodylate 16.52 14.11 18.3 ; 
As, 46.82°), with bismuth 16.68 2.27 Colored soln i8.8 Colored soln 
Arsanilic acid 34.24 33.71 ; 34.62 : 
As, 34.52%, with bismuth 34.52 28.29 Colored soln 34.83 Colored soln 
Sodium arsanilate 25.12 25.49 25.92 
As, 25.6%, with bismuth 25.18 25.7 Colored soln 25.73 Colored sol: 
TABLE III.. -ARSENIC FouND IN Per CENT OF DecLarReD AmMouNT IN CommMercIAL AmpuL SoL_utTion Con 
rAINING BISMUTH 
. I Us. P. XII { | ippl 
l yrparsanmnile Arsphenamine Lichlorophen- 
Sample A. O. A. C. Method Method Method irsine Method Newbery's Method 
l OH .44 93.12 105.62 
06.44 91.56 Colored soln 106.25 Colored soln 
2 101.2 102.19 ; 105.94 
L006 104.06 Colored soln 105.94 Colored soln 
3 91.07 S803 05 36 
OL OF Ss, 038 Colored soln SY S44 Colored soln 
} 116.25 116.87 1I21.2 98.5 123.5 
116.87 112.5 82.5 Colored soln 111.25 Colored soln 
5 100.18 102.86 105.53 . 
100.18 103.93 Colored soln 104. 4; Colored soln 


DISCUSSION 
Results by the A. O. A. C. Method gave 
values for arsenic which were in close agree- 
ment with the theoretical amount. Brown 


when one drop of standard iodine solution 
was added. This change was quite sharp 
and easily detected. 


The results by the U. S. P. Method for 
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arsenic in tryparsamide were reasonably 
good in the absence of bismuth. The 
method calls for boiling with potassium io- 
dide to reduce arsenate to arsenite. Iodine 
was liberated by this treatment and the last 
traces not removable by boiling were removed 
by the addition of a few drops of dilute thio- 
sulfate solution. In the presence of bismuth 
jt was not unusual to have solutions in which 
the color was not due to iodine and since it 
was impossible to tell what portion of the 
color, if any, was attributable to iodine, an 
accurate titration could not be made. This 
no doubt was the cause of the variable re- 
sults obtained. 

Glycart (6) in his report on methods for 
determining arsenic in sodium cacodylate 
pointed out that the U. S. P. Method for 
Arsphenamine was not suitable for sodium 
cacodylate. This statement has been con- 
firmed and the results indicate that the 
method may tend to give high results on 
other arsenicals. It was found to be inap- 
plicable to preparations containing bismuth 
due to the development of colored solutions 
which made titration impossible. 

Results by the U. S. P. Method for 
Dichlorophenarsine were found to be quite 
variable. Blank determinations on the 
reagents were variable and abnormally high 
which may account for these discrepancies. 


The blank determinations were not used in 
making calculations reported in the table. 

Values for arsenic obtained by Newbery’s 
Method on some of the pure arsenicals are 
not in accord with the theoretical values. 
When bismuth is present with arsenic, meas- 
urement of the arsenic with standard io- 
dine solution is impossible due to the forma- 
tion of colored solutions. 


CONCLUSIONS 


Several methods for the determination of 
arsenic in organic pentavalent arsenicals 
have been compared. The results obtained 
by the present official A. O. A. C. Method 
for arsenic in sodium cacodylate on pure 
organic compounds and on sodium cacody- 
late, sodium arsanilate, and arsanilic acid 
in combination with bismuth justifies the 
conclusion that this method is more generally 
applicable to the determination of arsenic in 
pentavalent arsenicals than the other meth- 
ods studied. 
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A Study of the Toxicity of Two Isomeric 
Sodium Hydroxymercuribenzoates*"' 


By THOMAS J. HALEY? and L. D. EDWARDS)! 


The LDw» (intraperitoneal ) for sodium p-hydroxymercuribenzoate for rats was deter- 
mined to be 5 mg./Kg. The LD,» (intraperitoneal) for sodium o-hydroxymercuri- 
benzoate for rats was determined to be 15.5 mg./Kg. Chronic toxicity determina- 
tions following intraperitoneal injections in rabbits showed that both compounds 
were nontoxic under the conditions employed. Hematological examinations as 
a means of following chronic mercurial toxicity in rabbits yielded no results with the 
concentrations studied. An oral toxicity determination, employing the para com- 
pound in the concentration suggested for a mouthwash, showed that it was nontoxic 
to rabbits even when given in large amounts. 


Hers (1), in 1940, reported that so- 

dium p-hydroxymercuribenzoate was a 
good oral germicide. However, no mention 
was made of the possibility of mercury tox- 
icity from the use of this chemical. Further, 
the literature shows no data on the toxicity 
of the ortho isomer of this compound. 

Acute mercury toxicity shows tissue 
damage which differs considerably from that 
produced by the chronic type of mercurial- 
ism |Sollmann (2)]. Studies of chronic 
mercury toxicity in rabbits have been re- 
ported by several investigators (3-8). These 
studies followed the course of mercurial tox- 
icity by changes in the chemical constituents 
of the blood. Other investigators have fol- 
lowed mercurial toxicity by hematological 
changes. Miyake (9) found that the red 
and white cells increased when mercuric 
chloride was given as a daily injection of 
less than the M. L. D. Lo Cascio (10) re- 
ported that intravenous injections of several 
mercurials caused no rapid erythroblastic 
reaction, but that toxic doses caused a de- 
creased number of red cells with the appear- 
ance of nucleated cells. Further, leucocyto- 

* Received Aug. 5, 1946, from Purdue University School 
of Pharmacy, Lafayette, Ind. 

Presented to the Scientific Section, A. Pu. A., Pittsburgh 
meeting, 1946., 

tA chemical study on this subject was published in Turs 
Journat, 35, 179-81(1946). 

+ Abstracted from a dissertation submitted to the Gradu- 
ate Council of the University of Florida by Thomas J. 
Haley in partial fulfillment of the ny for the degree 
of Doctor of Philosophy. Additional material not in the dis- 
sertation is also included. 

A Present address: Los Angeles, Calif. 

Professor of pharmacology, Purdue University School of 
Pharmacy. 

{ The authors are indebted to Dr. P. A. Foote for the first 
sample of the para compound and for the mouthwash con- 
taining it as the active ingredient. The second sample of the 


para ——— and the ortho compound were prepared and 
analyzed by the authors. 


sis with an inversion of the cell ratio oc- 
curred in twenty-four hours. 

The purpose of this study was to deter- 
mine the toxicity of both isomeric sodium 
hydroxymercuribenzoates. 


EXPERIMENTAL 


Acute toxicity following intraperitoneal injection 
was studied in rats. Exploratory dosage with the 
para isomer, employing twenty-two animals, showed 
that the M. L. D. range was between 5.0 and 6.0 mg. 
per Kg. body weight. A similar determination with 
the ortho isomer, using nineteen animals, showed that 
its M. L. D. range was between 14.0 and 16.0 mg. per 
Kg. body weight. Following this exploratory work 
the LDsy was determined by the method of Wright 
(11). The results for both isomers are shown in 
Table I. 


TABLE I.—TuHE DETERMINATION OF THE LD OF 
HYDROXYMERCURIBENZOATES IN RATS (INTRAPERI- 








TONEAL) 
Dose, Mor- 
Iso- Mg./ Experimental Integrated tality, 
mer Kg. Alive Dead Alive Dead % 

Para 4.5 4 6 17 6 26.0 

5.0 2 s 13 14 51.8 

5.5 2 8 11 22 66.6 

6.0 3 7 9 29 76.3 

6.5 3 7 6 36 85.7 

7.0 3 7 3 43 93.4 

Time of reading—120 hours. LD» 4.96 
mg./Kg 

Para 5.0 3 6 9 6 40.0 

5.5 2 7 6 13 68.4 

6.0 2 7 4 20 83.3 

6.5 2 7 2 27 93.3 

Time of reading—120 hours. LDs 5.17 
mg./Kg. 

Ortho 14.5 9 0 23 0 00.0 

15.0 s 1 14 1 6.6 

15.5 4 5 6 6 50.0 

16.0 2 7 2 13 86.6 

Time of reading—192 hours. LD» 15.5 
mg./Kg. 
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In the first determination with the para isomer 
and that of the ortho isomer the rats were all males; 
in the second determination with the para isomer the 
sexes were evenly distributed and the survivors were 
the same. This would indicate that sex plays little 
or no part in the acute toxicity caused by the para 
compound. 

Features which are common to all determinations 
are the appearance of a transitory hind quarters 
paralysis immediately after injection and the de- 
velopment of an anorexia after twenty-four hours. 
The anorexia was not permanent as the survivors 
appeared to eat and drink normally after the com- 
pletion of the test. 


Chronic toxicity following intraperitoneal injec- 
tion in rabbits was determined by following the hem- 
atological changes in the blood for a period of six 
weeks. Injections of 10 cc. per Kg. body weight of a 
1:5000 solution of the isomers (concentration sug- 
gested for the mouthwash) were given weekly after 
which a complete hematological examination was 
made. The controls received 10 cc. of normal saline 
solution per kilogram. The results of this series of 
experiments are shown in Table II. 

The figures for the hematological constitutents 
of rabbit’s blood as given in the table as well as the 
eosinophil and basophil counts were entirely within 
the normals as recorded by Kolmer and Boerner (12). 


TABLE II.—-THE DETERMINATION OF THE CHRONIC TOXICITY OF HYDROXYMERCURIBENZOATES IN RABBITS 

















Starting Final Weight Starting Final Average 
Animal Weight, Kg. Weight, Kg. Gain, Kg. Erythrocytes Erythrocytes Erythrocytes 
Cc 241 Control 0.582 1.390 0.807 4,850,000 7,170,000 6,058,000 
244 Control 0.619 1.318 0.699 5,810,000 7,090,000 4,988,000 
. 207 Control 0.626 1.152 0.526 5,830,000 5,970,000 4,988,000 
t- 215 Control 0.820 1.615 0.795 5,320,000 5,020,000 4,976,000 
im 216 Para 0.626 1.649 1.023 6,170,000 7,080,000 5,944,000 
232 Para 0.657 1.400 0.743 3,670,000 7,060,000 5,782,000 
210 Para 0.763 1.376 0.613 5,300,000 7,040,000 6,052,000 
208 Para 0.487 1.325 0.838 7,050,000 7,040,000 6,446,000 
227 Ortho 0.668 1.222 0.554 5,600,000 4,540,000 5,138,000 
234 Ortho 0.619 1.550 0.931 5,110,000 5,140,000 5,664,000 
ion 206 Ortho 0.726 1.448 0.722 4,320,000 6,260,000 5,724,000 
he 225 Ortho 0.663 1.441 0.77 5,970,000 6,030,000 5,408,000 
| ; Starting Final Average Average Average Average 
ed Animal Leucocytes Leucocytes Leucocytes Neutrophils Lymphocytes Monocytes 
1g. 241 Control 4000 6900 6380 4500 1800 300 
ith 244 Control 6900 7400 6070 5000 1000 325 
rat 207 Control 6300 7050 6200 5100 1800 350 
215 Control 4650 5150 6230 4500 1700 290 
er 216 Para 6300 6800 6760 5000 1000 350 
rk 232 Para 9150 4800 6500 6000 1900 500 
ht 210 Para 9050 7150 6140 5800 1850 460 
in 208 Para 7000 4550 6990 3500 4500 350 
227 Ortho 7950 5350 6350 6000 1500 300 
234 Ortho 5400 9600 6470 5500 2500 400 
206 Ortho 5350 6100 6370 5000 1000 325 
oF 225 Ortho 57 9550 6920 6000 1500 350 
RI- 
TABLE III.—Errects OF ORAL ADMINISTRATION OF p-HYDROXYMERCURIBENZOATE IN RABBITS 
Starting Final Weight Dose/ Total Amount Mercury 
) Weight, Weight, Gain, Kg., Time, Given, Received, 
Animal Kg. Kg. Kg. Ce. Days Ce. Mg. Results 
’ 1 1.238 1.238 0.000 1.5 1 1.85 0.21 Died of pulmonary edema 
2 1.528 2.231 0.703 1.5 62 180.9 20.12 Intestines, spleen, kidneys, and liver nor- 
mal. Animal appeared normal 
3 1.061 1.834 0.773 1.5 62 132.6 14.75 Intestines, spleen, kidneys, and liver nor- 
) mal. One lesion in stomach otherwise 
normal 


4 Control 0.887 1.550 0.663 ... 62 Intestines, spleen, kidneys, and liver nor- 


mal. Animal appeared normal 
Intestines, spleen, kidneys, and liver nor- 
mal. Animal appeared normal 





5 Control 1.384 1.900 0.516 ... 62 


ed 


6 1.485 1.207—0.278 3.0 10 38.6 4.29 Died of pneumonia and peritonitis. 
) Lungs dissolved and intestines in- 
flamed 
) 7 1.559 2.180 0.621 3.0 30 164.4 18.28 Intestines, spleen, kidneys, and liver nor- 
; mal. Animal appeared normal 
5 8 1.536 2.074 0.5388 3.0 30 168.6 18.75 Intestines, spleen, kidneys, and liver nor- 


mal. Animal appeared normal 
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This showed that the compounds had very little 
or no effect upon the hematological constituents 
of the rabbit’s blood. Further, the compounds 
caused no stimulation of the blood-forming tissues 
in the body. 

As the above dosage was not fatal the animals 
were sacrificed and the organs examined macro- 
scopically. No tissues of the experimental animals 
showed any differences from those of the controls. 
It is possible that the isomers are rapidly detoxified 
and excreted from the body so that the usual symp- 
toms of chronic toxicity would not be seen except 
over a much longer period of administration of the 
compounds. 

Inasmuch as the original use of the para compound 
was as an oral germicide, it was decided that a de- 
termination of the effects of oral ingestion of the sol- 
ution should be carried out. One group of rabbits 
received daily doses of 1.5 cc. of a 1:5000 solution 
per kilogram body weight by stomach tube. At the 
end of thirty days no evidence of toxicity was appar- 
ent. A second group of rabbits received 3.0 cc. of 
the same solution per kilégram body weight in the 
same manner. At the end of the second thirty-day 
period all animals were sacrificed and the organs ex- 
amined macroscopically. The results are given in 
Table III. 

From the results (Table III) it may be seen that 
none of the usual symptoms of chronic mercury 
poisoning were present, and further that the or- 
gans showed no lesions or other pathological degen- 
erations which could be attributed to the mercury 
in the compound. 


CONCLUSIONS 


1. The LD, (intraperitoneal) for so- 
dium -hydroxymercuribenzoate for rats 


was shown to be 4.96 mg. per Kg. The 
LD (intraperitoneal) for sodium o-hydroxy- 
mercuribenzoate for rats was shown to be 
15.5 mg. per Kg. 

2. Chronic toxicity determinations fol- 
lowing intraperitoneal injections in rabbits 
showed that both compounds were nontoxic 
under the conditions employed. 

3. Hematological examinations as a 
means of following chronic mercurial toxic- 
ity in rabbits yielded no results with the 
concentrations studied. 

4. An oral toxicity determination, em- 
ploying the para compound in the concen- 
tration suggested for a mouthwash, showed 
that the compound was nontoxic to rabbits 
even when given in large amounts. 
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